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Abstract 

 
This doctoral thesis is a practice-led enquiry into the value of 3-D Computer Generated 

Imagery (CGI) in the visualisation and animation of clinical radiological scan data. The aim 

of this work is to develop an alternative pathway to visualising clinical data that augments 

and challenges the existing medical imaging aesthetic. It questions the integrity of the 

author’s arts-based interpretation of the radiological scan data and its relevance in the real-

world context of enhancement of doctor-patient communication and interaction.  

 

The thesis starts by exploring current pathways for visualising the inner body, in particular 

biomedical animation, TV documentary, clinical 3-D visualisation and fine art practice in 

medical imaging. This analysis is followed by an interrogation of the literature in the field of 

doctor-patient interaction, resulting in a small qualitative study with patients. This helps to 

define the opportunity for a new visualisation pathway that brings together the visual and 

narrative approaches of a 3-D computer animation aesthetic and the detail embedded in 

clinical radiological scan data. 

 

A multi-method approach is used to address the research questions. Informed by a 

collaborative two-year residency at Ninewells Hospital, NHS Tayside, Dundee, the author 

creates a series of 3-D CGI works that define this hybrid visualisation pathway. The resulting 

bandwidth of interpretative works is then investigated in a qualitative study involving semi-

structured interviews with professionals from the arts and clinical imaging. Overall, the study 

suggests that image integrity is tethered to context and purpose, contextualising the potential 

application of the author’s 3-D CGI works. The author concludes that his original 

contribution to knowledge is this alternative visualisation pathway, as developed through the 

bandwidth of interpretation. This is achieved through the exposition and use of the author’s 

tacit knowledge, and the collaborative approach. This provides a transferable model of 

working, for the future visualisation of medical scan data.  
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Glossary of terms 

 
 
Word or Phrase 
 

Explanation 

Abdominal Aortic 
Aneurysm (AAA) 

A condition that causes the aorta to weaken and bulge in the 
abdomen area. 

Aetiology of Disease A group of contributing factors that patients’ perceive causes 
disease. 

Aneurysm A condition where a blood vessel weakens and bulges often 
leading to a burst vessel. 

Aorta The major blood vessel leaving the heart with oxygenated blood. 
Arterial Disease A medical condition that leads to arteries becoming blocked as a 

result of arterial plaque. 
Arterial Plaque A substance that builds up inside the artery consisting of 

cholesterol, fibrous tissue and calcium. 
Atherosclerosis A disease of the arterial walls within the human vascular system. 
Autodesk Maya  Produced by the USA based company Autodesk 

<http://usa.autodesk.com/> this software package provides 
computer artist and animators with modelling, animation and 
software rendering tools.  

Cinematic Static or moving imagery that possesses the qualities or attributes 
of a ‘motion picture’ presentation. 

Computed Tomography 
(CT) 

A clinical scanning technique that applies x-rays and digital 
interpolation to acquire 2-D cross sectional images of the human 
body. 

Computer Generated 
Imagery (CGI) 

A term generally used to describe a field of activities that apply 
to computer graphics in film making and television. 

Depth-of-Field An optical effect used in film making and photography to focus 
the viewer’s attention on an object or character. 

DICOM A file image format widely used in medical imaging. 
Digital Assets A term used to describe a digital artefact used in film VFX and 

games, such as props, characters and the environment. 
DVD A Digital Versatile Disc (DVD) is format for the storage and 

play back of video. DVD’s can also be used for solely data 
storage. 

Fly-through A technique used in 3-D computer animation whereby a virtual 
camera rapidly passes through and over a complex digital sets or 
environments. 

Green Screen A process where actors are filmed against a green or blue 
background then superimposed digitally on an alternative virtual 
background. 

Ink & Paint  A process used 2-D animators to colour individual frames known 
as cells using ink and paint. 

Live-action Plates The filming of events or performance on video camera 
equipment for later playback. 

Magnetic Resonance 
Imaging (MRI)   

A diagnostic scanning modality that uses magnetic resonance 
properties of human tissue to generate 2-D cross-sectional 
imagery. 

Marching Cubes A software algorithm commonly used in computer 3-D medical 
reconstruction – built from surface patches or triangles of 2-D 
cross-sectional data. 
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MP3 A file format for sound compression. 
Pipeline A word used in the CGI industry used to describe a sequence of 

computer techniques or processes to achieve an end animation, 
visual effect or digital asset. 

Pixel The smallest unit of measurement on a screen.  
Positron emission 
tomography  

Imaging techniques used to capture human metabolic 
information and is used alongside MRI and CT scanning 
modalities. 

Proprietary System A term used to describe the software or hardware that is locked 
to manufacturer and not available for external development. 

Radiographer A health professional who operates the scan equipment to 
acquire medical imagery such as MRI, CT and X-ray. 

Radiologist A clinical consultant doctor who reports on clinical imagery such 
as MRI, CT and X-ray. 

Real-time A term used in computer graphics to describe a system that allow 
interaction with user without rendering lag time. 

Renal Angiogram A medical procedure whereby a contrast agent is injected into a 
patient and MRI or CT scan is performed on the kidney and 
connecting arteries. 

Renal Artery Stenosis A vascular condition that occurs due to a narrowing of the 
arteries that feed blood to the kidneys. 

Rendering A process in 3-D CGI used to describe the light calculation on a 
virtual object or surface resulting in an image frame. 

Siggraph Conference The world’s largest computer graphics conference held annually 
in the USA. 

STL Stereo lithography file is a digital format used for rapid 
prototyping 

Sub-Surface Scatter A computer rendering technique used to replicate semi-
translucent surfaces such as human skin, jade and milk. 

Tortuosity  A term used to describe the complex and arterial structures 
within the body. 

Tumble A term used in film and 3-D computer graphics to describe free 
movement of the virtual camera by the user in a given scene. 

Ultrasound Scanner 
 

A diagnostic scanning technology that uses high frequency sound 
to scan body tissue. Used particularly in foetal scanning. 

Vascular A medical term used to describe human blood vessels. 
Vertebral Arteries A series of tortuous blood vessels located in the head and neck 

region of the body. 
Volume Reconstruction A techniques used commonly in computer 3-D medical 

visualisation for building a 3-D voxel rendering from 2-D cross-
sectional data. 

Voxel A 3-D piece of pixel data. 
Wireframe A term used in computer graphics to describe the most 

elementary form of geometry prior to rendering. 
X-ray Imaging An imaging process established in the 19th Century where film is 

placed under the patients body and area of interest is exposed to 
X-rays.  
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Thesis Symbol Key 

 

The thesis contains a series of keys that refer to additional material held in either Appendix A 

or B. The following symbols located in the right margin of the document prompt the reader: 

 

 
Appendix A 

Appendix A – This symbol refers the reader to Appendix A, which starts 

on page 253 of the thesis. This section contains text and printed material 

supplementary to the main body of the text. 

 
Appendix B 
CD-ROM 
(Image) 
Folio 

Page X 

 

Appendix B CD-ROM – This symbol refers the reader to Appendix B 

CD-ROM, which contains the static screen-based imagery (as discussed 

in chapter 4). It also contains the full transcript data from the pilot and 

final study interviews (as discussed in chapters 5 & 6). Appendix B CD-

ROM also includes a full digital copy of the thesis. For instruction on 

using this disc refer to page 327. 

 
Appendix B 

DVD 
(Video Clip) 
Chapter X 
Section X 

 

Appendix B DVD – This symbol refers the reader to Appendix B DVD, 

which contains moving image data. The video clips on the DVD are of 

the 3-D CGI works and clinical radiological scan sequences. For 

instruction on using this disc refer to page 327.   
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Preface 

 

Fig.1 – Inner Space cinematic poster, 1987  
 

In similar fashion to the fictional pilot Lieutenant Tuck Pendleton in the feature film ‘Inner 

Space’1 (Dante, 1987), I have always wanted to travel inside the human body. As a child, I 

watched this film over and over again, fascinated by the elaborate sets, incredible props and 

Oscar winning visual effects that were groundbreaking in their day. In my mind’s eye, the 

inner body was, and still is, a place of incredible complexity, with many uncharted spaces, 

vistas, landscapes and structures hidden to the naked eye. These visions of the body have 

stayed with me into my adult life; fuelling my interest in exploring the body through 

contemporary imaging technologies. 

 

I originally trained as an industrial designer at Grays School of Art2, Aberdeen, graduating in 

June 1998. At undergraduate level, this early experience of higher education taught me how 

                                                 
1 ‘Inner Space’ - This live-action feature film released in the late nineteen-eighties, tells the story of a 
supermarket cashier who is accidentally injected with a miniaturised craft. The story follows the craft 
and pilot (played by Dennis Quaid) as he navigates through his human host Jack Putter (played by 
Martin Short). The film was nominated and won the 1988 Oscar for the best visual effects. 
 
2 Grays School of Art - Robert Gordon University, Aberdeen, UK. 
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to solve problems. I explored new ways of tackling existing product design problems. My 

products included a ‘modular first aid kit’3 and an electronic ‘emotional container’4.  During 

this time, I applied a robust design process to my work; identifying problems, sketching out 

ideas, undertaking 3-D physical prototyping and final direct testing with potential user 

groups. This early training in the field of design remains with me today. 

 

After graduating, my interests moved beyond the bounds of physical products and into digital 

design and computer animation. This led me, ultimately, into the 2-D computer graphic 

design industry, where I worked for a number of years as Senior Designer for a creative 

design agency in Glasgow. While working for this agency, I worked on a variety of corporate 

websites, constructing ‘Flash’5 animations. I also completed 3-D Computer-Generated 

Imagery6 (CGI) work for TV commercials and corporate presentations.  

 

One of my final clients acted as a catalyst for my move from industry back to academia. In 

2002, I started a short animation for the Roslin Institute7. This project consisted of a short 3-D 

computer visualisation telling the story of the ‘cell cloning’ technology pioneered at the 

Roslin Institute on ‘Dolly the sheep’8. This work rekindled my interest in the human body and 

                                                                                                                                            
 
3 First Aid Kit – In this undergraduate 3rd year project in 1997 I explored an alternative design to the 
consumer ‘First aid kit’ .  The product consisted of a modular based approach to customising the kit, 
consisting of a frame and transparent supply pods. These pods could be inserted depending on the 
purpose and lifestyle of the user e.g. sports pod, in-car pod and child pod . The pods could also be easily 
replaced when the supplies are exhausted.  
 
4 Emotion Container – This self-directed final year undergraduate project in 1998 resulted in the design 
of electronic means of capturing the emotion of an event or experience through image and sound. The 
final product allowed users to capture multiple pictures and add digital notes to the data which could be 
shared among friends on the internet.  
 
5 Flash – A computer package design for the delivery of animated content online. See link 
<http://www.adobe.com/products/flash/> [Accessed on 11/03/09]. 
 
6 Computer-Generated Imagery (CGI) - A term generally used to describe a field of activities that apply 
to computer graphics in film-making and television. 
 
7 The Roslin Institute <http://www.roslin.ac.uk/> [Accessed on 11/03/09] – An academic research unit 
within the University of Edinburgh. 
 
8 ‘Dolly the sheep’ - the first animal ever to be cloned, developed at the Roslin Institute the University of 
Edinburgh. 
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the biomedical sciences and resulted, in 2003, in me enrolling in the taught MSc in Animation 

and Visualisation at Duncan of Jordanstone College of Art & Design, Dundee. 

 

At the outset of the Masters, it was my intention to learn how to use the tools of the 3-D CGI 

animator and to explore their application in Biomedicine.  During this time I collaborated 

with the department of Clinical Radiology, NHS Tayside, Ninewells Hospital & Medical 

School, Dundee.  In particular, I worked intensively with the Magnetic Resonance Imaging9 

(MRI) unit within the Hospital and Dr Graeme Houston10. This MSc work gave me the 

opportunity to start to experiment with clinical radiological data (such as MRI) and 3-D CGI 

software packages, in this case Autodesk Maya11. 

 

The outcome of the MSc was a series of experimental 3-D CGI visualisations exploring the 

potential for combining clinical MRI data and 3-D CGI techniques. At this point in time, I 

had limited understanding of the aesthetic language being developed and its possible 

implications to the field of computer visualisation. This early work and my determination to 

explore the body further using 3-D CGI resulted in an Arts and Humanities Research Council 

(AHRC) (then called the AHRB) funding bid being submitted in 2004 (see appendix 8.1). 

This application was successful and the doctoral work commenced in October 2004.  

 

My journey started in childhood, with Lieutenant Tuck in ‘Innerspace’. This thesis is a 

continuation of this story through the eyes of a new pilot – myself, as author and artist-

researcher. In keeping with the original movie (Fig.1) this PhD has also turned out to be ‘an 

adventure of incredible proportions’.  

                                                 
9 Magnetic Resonance Imaging (MRI) – is a diagnostic scanning technology that uses Magnetic 
Resonance properties of human body tissue to generate 2-D cross-sectional imagery.  
 
10 Dr Graeme Houston – A leading UK interventional Radiologist based at Ninewells Hospital Dundee. 
 
11 Autodesk Maya - Produced by the USA based company Autodesk this software provides computer 
artist and animators with modelling, animation and software render tools. Maya is a professional 
software package used international in feature film, TV commercial and video game production. 
<http://usa.autodesk.com/adsk/servlet/index?siteID=123112&id=7635018> [Accessed on 11/03/09]. 
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1. Introduction 
 

3-D CGI provides the contemporary digital artist with the tools and techniques to build virtual 

sets and characters in the fields of film visual effects (VFX), animated features and video 

games. In contrast, clinical MRI gives the medical physician a window into the inner body of 

the patient through scientific instrumentation and medical physics. On the surface, these 

professional fields do not converse and have little in common; 3-D CGI is used to appeal to a 

mass audience through popular entertainment, whereas clinical MRI converses in a restricted 

language, that of reductive science, in the pursuit of diagnosis and scientific truth. However, 

both use digital technology as a means of visualising the invisible.   

 

The foundations of modern medicine were laid in the eighteenth century, with the arrival of a 

new reductive philosophical approach to knowledge. This brought with it the ‘divorce of art 

and science’ (Rifkin et al., 2006 p67); a divorce that would last into the twenty first century. 

Science rejected interpretative views of the world, in favour of empirical modes of recording 

the inner human body. This divergence was first seen in medical illustration through the 

works of the Scottish anatomist William Hunter12 and then Henry Gray13 (Gray, 1916). The 

development of scientific radiological imaging, namely X-ray, in the nineteenth century, 

followed by Computed Tomography14 (CT), Ultrasound and MRI in the twentieth century, 

                                                 
12 William Hunter (1718-1783) a Scottish born anatomist who is best known for his work in the early 
Obstetrics. Hunter is historically best recognised for his book ‘Anatomia uteri umani gravidi’ (The 
anatomy of the human gravid uterus exhibited in figures) published 1774. Although, the actual 
engravings in the book are drawn by artist Dutch born medical artist Jan van Rymsdyk (1730–1789) 
 
13 Henry Gray (1827-1861) an English Anatomist who with the help of his colleague Henry Vandyke 
Carter (1831-1897) first published ‘Gray's Anatomy: Descriptive and Surgical’ in 1858. 
 
14 Computed Tomography (CT) technology was also developed in the early 1970s and predates the rise 
of MRI. It is a cross-sectional scanning process that uses X-rays (as opposed to magnetic resonance) to 
generate images of the body’s bone and tissue structure. In comparison to MRI, CT is much faster in 
scanning, however CT exposes patients to low doses of radiation and thus carries a greater health risk. 
CT imagery is also limited in its capacity to capture soft tissue, compared to MRI. 
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has further compounded this divergence, removing the artist’s hand from the scientific 

recording of the inner human body.  

 

MRI technology was developed in the 1970s and entered clinical service in the 1980s. This 

relatively new imaging modality produces monochrome cross-sectional images of the human 

body that provide diagnostic information. Today, the use of MRI is widespread in modern 

healthcare15 particularly in the developed world. MRI produces pictures that have a singular 

story line, that of ‘reductive science’. They are principally constructed for use by clinicians 

for diagnostic purposes.  

 

Prior to the ‘divorce of art and science’, the medical artist linked mind and body through the 

humanist philosophy of Renaissance art as seen in work of Flemish born anatomist Andreas 

Vesalius16. This philosophical shift towards a more empirical perspective saw the role of the 

artist change dramatically. Artists embraced the scientific thinking of the time. However, this 

restricted them to imparting, through illustration, the physicality of the human anatomy. 

Ultimately, the move was one from mediating the inner body to recording it. Today, medical 

illustrators apply contemporary tools, such as digital 3-D computer animation software 

packages to this same observation and recording of science.  

 

Since its inception in the 1970s17, 3-D CGI has seen a proliferation of software and hardware 

development. 3-D CGI artists now have access to desktop software and hardware 

                                                 
15 According to Hornak ‘In 2003, there were approximately 10,000 MRI units worldwide, and 
approximately 75 million MRI scans per year performed…’ HORNAK, J. P. (2008) The Basics of MRI  
<http://www.cis.rit.edu/htbooks/mri/> [accessed 28/07/2008].. The major manufacturers include 
Siemens, General Electric (GE) and Phillips. 
 
16 Andreas Vesalius (1514-1564) - Flemish born anatomist who arguably constructed the first printed 
anatomy textbook ‘De Humani Corporis Fabrica Libri Septem’ in1553. 
 
17  From origins in American military and space research; with early technical pioneers such as Jim 
Blinn and Ed Catmull. James Blinn – Blinn a computer scientist based at the University of Utah Blinn 
worked to the NASA Jet Propulsion Lab (JPL) project developing the now widely used ‘Blinn shader’ in 
3-D computer animation. Edwin Catmull – A computer scientist who worked on the first ever film 3-D 
CGI effect in the 1976 in ‘Future World’ live action feature film. Animation prior to this early computer 
work had been a hand drawn traditional process, based on individual 2-D cells coloured with Ink & 
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technologies, such as Autodesk Maya. These tools enable 3-D CGI artists and animators to 

construct and animate completely virtual worlds on screen for primarily film, television and 

video games18. These virtual worlds consist of digital characters, props and assets and may 

combine live-action footage with CGI. Using these contemporary technologies, 3-D CGI 

artists working in medical animation have access to desktop 3-D CGI authoring tools, which 

only a decade ago, were the sole domain of the large Hollywood film studios (Boucher, 

1995). 

 

Medical animation and visualisation currently functions within three areas. These can be 

categorised as: Biomedical Animation, Biomedical Documentary and 3-D Visualisation in 

Medicine. Of these three, two reside within the arts, and one within the sciences. Broadly 

speaking, the 3-D CGI artist working in biomedical animation is engaged in a broad range of 

activities, including education for health professionals, training for medics and 

pharmaceutical drug presentation. Similarly, the screen-based narrative offered by the 

biomedical television documentary provides a form of edutainment that engages a mass 

audience in health science, through a dramatic narrative. Examples of this include ‘Fight for 

Life’ (BBC, 2007) and ‘Life Before Birth’ (MacDonald, 2005), broadcast on British television. 

In contrast to this, 3-D visualisation in medicine provides the medical professional with 3-D 

images that are generated by medical scan instrumentation, such as CT and MRI, for 

diagnosis, medical training and education. These images are used in areas such as Virtual 

Endoscopy and surgical planning.  

 

Together, these genres demonstrate that there is a growing interest in 3-D medical animation. 

However, taken as a whole, they suggest that the ‘divorce of art and science’ continues to 

                                                                                                                                            
Paint. Together, Catmull’s and Blinn’s works challenged this status quo; pushing a new boundary by 
using computers as means of creating screen based 3-D CGI animated objects. 
 
18 While film and video game a dominant markets for 3-D CGI there other note worthy user of 3-D CGI. 
These include: Architecture visualisation, engineering product visualisation and the simulation field 
(flight training her military applications) and of course medical animation.  
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prevail in a contemporary context. For example, the fields of biomedical animation and 

biomedical documentary making construct virtual models of the internal body structure 

through interpretation; interpretation of scientific knowledge as opposed to scientific data. 

Their goal is to use 3-D CGI as a means to communicate with a lay audience. However, in 

doing so, 3-D digital medical illustrators continue to serve science, albeit through an 

interpretative approach. This approach adopts a visual aesthetic that supports the reductive 

(scientific) view of the inner body. 

 

In contrast, 3-D visualisation in medicine uses 3-D technologies to achieve a seemingly 

precise and scientifically accurate visualisation of clinical data. This medical instrumentation 

is highly advanced. It captures complex datasets that display, in detail, the internal organs and 

tissues of the human body, where these have not been seen before. Furthermore, the images 

produced are not generic representations. They are patient specific and capture human 

variation, rather than an idealised inner body model. However, this imagery is locked in a 

scientific aesthetic, which can only be decoded with considerable medical and radiological 

understanding. 

 

The underlying objective of this enquiry is to establish whether there is value in combining 

MRI data with interpretative 3-D digital artisan approaches in the field of clinical data 

visualisation. The introduction of arts-based interventions to diagnostic data raises several 

critical questions. Firstly, can these two distinct specialisms be combined? If so, what are the 

implications of introducing interpretative CGI attributes such as light, texture and animation 

to clinical data? How far can or should the 3-D CGI artist go from the origin point of the 

data? And finally, what effect does the intervention of the 3-D artist have on the integrity of 

the final 3-D CGI artefact? These questions provide a baseline for the research and a 

departure point for the thesis narrative. 
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In the first instance, the thesis tests the application of 3-D CGI digital artisan processes to 

clinical MRI scan data of human renal artery tissue. In doing so, the author links the MRI 

scan data with the animation software program Maya. The primary technique adopted is the 

‘Marching Cubes’19 algorithm found in Materialise MIMICS20 software. This work is initiated 

and the pipeline21 refined during a residency at Ninewells Hospital and Medical School, NHS 

Tayside, Dundee, Scotland, UK over a two-year period.  

 

Secondly, working practices in the field of 3-D CGI such as storyboarding, animatics and 

final render presentation are utilised in order to create a working practice that might facilitate 

a new aesthetic. At this time, digital artisan techniques such as lighting, texturing and 

animation are applied to augment the clinical data with the aim of creating interpretive work 

that starts to question the scientific aesthetic in 3-D medical visualisation. During the 

evolution of the author’s practice, a series of themes are identified as a means of creating and 

driving new hybrid 3-D CGI works with different MRI data sets. 

 

The creation of the author’s 3-D CGI artefacts sees the emergence of visualisations that move 

outside the ‘voice of medicine’ (Mishler, 1984). The author endeavours to blend his 

interpretative style with the clinical data, resulting in varying degrees of artistic visualisation 

and anatomical clarity. The construction of these 3-D CGI visualisations allows the author to 

populate different parts of what he identifies, and terms, the ‘bandwidth of interpretation’.  

 

 

                                                 
19 Marching cubes - Built from 2-D scan slices, this software algorithm generates surface patches, which 
then build up a mesh, thereby forming the 3-D shape of an object. This algorithm is based on the work of 
William Lorensen and his paper - LORENSEN, W. E. & CLINE, H. E. (1987) Marching cubes: A high 
resolution 3D surface construction algorithm, ACM Press. 
 
20 MIMICS Software - software package that facilitates the thresholding, segmentation and 3-D meshing 
required for making MRI or CT into 3-D geometry. MIMICS MATERIALISE (2005) MIMICS 
<http://www.materialise.com/mimics/main_ENG.html> [Accessed on 21/06/05]., made by the Belgium 
company ‘Materialise’, specialises in rapid prototyping techniques.  

 
21 Pipeline – A word in the CGI industry used to describe a sequence of computer techniques or processes 
to achieve an end animation, visual effect or digital asset. 
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Ultimately, this inquiry is not about technical innovation; it does not critique the software and 

hardware used in 3-D CGI or medical visualisation, nor does it seek to advance such 

innovation, although new tools and techniques have been developed along the way. The focus 

instead is on bringing together existing technologies in the pursuit of convergence. The 

author’s contribution in this endeavour is the provision of a means of preserving the detail 

captured in medical imaging whilst applying the narrative and storytelling capabilities as seen 

in 3-D CGI. This opportunity for greater collaborative working is considered specifically in 

the context of doctor-patient interaction, and the possibility of moving beyond the ‘voice of 

medicine’ in order to provide patients with a more holistic insight into anatomy and disease. 

 

Finally, this research is not a philosophical or theoretical challenge to the empirical approach 

adopted in clinical MRI. Instead, it recognises the tacit knowledge of the author, as much in 

working in the medium of 3-D CGI as in the clinical context22, and is practice-led throughout. 

This research adopts a multi-method approach to answer the research questions. This involves 

a literature review, the creation of 3-D CGI interpretive works and two qualitative studies 

interviewing patients and professionals.  

 

The principal research method is the application of the visual practice. The author reflects on 

this act of making by applying what Donald Schön terms as the ‘insider knowledge’ of the 

process (Schön, 1983). This is used to help challenge established medical visualisation 

pathways and develop a ‘new’ pathway for the visualisation of disease.  

 

The second significant method is the application of two qualitative studies. The first, a 

smaller study, explores the reaction of individual patients to a variety of images of disease 

                                                 
22 Through the experience gained during the author’s residency at Ninewells Hospital and Medical School, 
NHS Tayside, Dundee, Scotland. 
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and a DVD based animation of the condition renal artery stenosis23. This study set out to gain 

patient feedback on the appropriateness of 3-D CGI as a means of describing disease over and 

above more traditional means of disease communication. This work is undertaken in 

collaboration with the Health Services Research Group at the Robert Gordon University, 

Aberdeen, UK.  

 

The second, and larger, qualitative study was undertaken solely by the author. The purpose of 

this study is to gain insight into how clinical and artistic professionals view the integrity of 

the author’s 3-D CGI work. This allows the author to gain an understanding of the possible 

contribution of his work to the field of disease visualisation and to gauge the validity of his 

work through peer review.  

 

‘Naturalistic Inquiry’ is applied throughout as a theoretical framework to account for, and 

preserve, individuals’ versions of reality (Lincoln and Guba, 1985). The findings of these 

qualitative studies are closely examined, and result in a series of recommendations (see 

Summary Appendix 8.10) that may support future work by the author and other creative 

practitioners entering the field of 3-D CGI in medical visualisation. 

 

The supporting written work documents this practice-led investigation. In Chapter 2, 

Animation and Visualisation of the Inner Body, thought is given to the strengths and 

weaknesses of the Biomedical Animation, Biomedical Documentary and 3-D Visualisation in 

Medicine pathways. From this material, it is clear that bridging reductive science and lay 

understanding is not a unique endeavour. However, the use of 3-D CGI appears to be locked 

to reductive science, suggesting little scope for improved doctor-patient interaction. In a 

departure from this reductive visual aesthetic, the work of five fine art based practitioners is 

also discussed.  

                                                 
23 Renal artery stenosis - A vascular condition that occurs due to a narrowing of the arteries that feed blood 
to the kidneys. 
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In Chapter 3, Doctor - Patient Interaction, the author explores the real-world context for 

combining interpretive 3-D CGI with clinical MRI data. The limitations of current 

information giving strategies for disease communication and the ‘unremarkable interview’ 

(Mishler, 1984) are discussed. These help to inform the first (smaller) qualitative study 

undertaken with patients.  Despite providing patients with a clearer insight into anatomy and 

disease understanding, in this study, the digital 3-D CGI artefact has yet move beyond the 

voice of medicine. The author concludes that this limits its potential to inform for a ‘new’ 

strategy for improved doctor-patient interaction.  

 

In Chapter 4, Evolution of the Practice, the author reflects on the process of making, and the 

external influences, such as cinema, the natural world and traditional art practice that shape 

his creative interpretation of the MRI scan data. This transparency of process provides the 

reader with an insight into the building blocks of the author’s hybrid visual aesthetic. The 

evolution of the author’s practice results in varying degrees of ambiguity and anatomical 

clarity. The chapter concludes that the 3-D CGI works created are interconnected, and should 

be considered as whole, rather than functioning in either the service of science or in the 

gallery context. It also concludes that this reflection on the practice provides an insider’s 

perspective on the work only. This informs the rationale for the larger qualitative study. 

 

The considerations taken into account in preparation for the qualitative study are captured in 

Chapter 5, Integrity: Qualitative Study, Design and Implementation. This study is initiated in 

order to gain insight into outsiders’ views on the integrity of the 3-D CGI artefacts produced. 

Due to the open-ended nature of the research questions, a non-positivist approach is adopted, 

applying what Lincoln and Guba (Lincoln and Guba, 1985) describe as ‘Naturalistic Inquiry’. 

Quantitative approaches are also considered, however these are deemed to be inappropriate.  
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This chapter continues with the rationale underpinning the selection of participants, the 

appropriateness of the semi-structured interview, the location and process of the qualitative 

study and the images selected for viewing. It also considers the notion of ‘trustworthiness’, 

along with the data analysis framework informed by Miles and Huberman’s (Miles and 

Huberman, 1994) five-stage framework for analysis of transcript data. This preparatory work 

sets the scene for the qualitative study, the findings of which are described in the following 

chapter. 

 

In Chapter 6, Integrity: Qualitative Study, Results & Findings, the author summarises the 

clustering, mapping and charting of the transcript data. The findings of this study fall into 

three clustered themes; Notions of Integrity and Context, the Role of the Artist - Beyond 

Translation and Visual Analogies – Storytelling. These highlight where commonalities arise 

amongst interviewees, raising questions for the author as to the integrity of his new visual 

pathway.  

 

Ultimately, the transcript data suggests that the ‘divorce of science and art’ holds strong. 

Under Notions of Integrity and Context, the author finds that the artists see integrity as a 

moveable and challengeable entity or concept, whereas the clinicians see image integrity as 

proximity to a reductive reality. However, both groups express that image integrity is related 

to context, and that to compare one modality, such as MRI with another, more interpretive 

modality, such as 3-D CGI, is potentially an inappropriate comparison. Both groups feel the 

3-D CGI artefacts have integrity, but in different, one could say polarised, contexts. 

 

In terms of The Role of the Artist - Beyond Translation, the author finds that responses are 

varied, with no consensus amongst interviewees and no discipline specific responses. This 

presents the author’s role in flux, suggesting that the pathway and diversity of 3-D CGI 

artefacts presented may encourage interviewees to see a multi-faceted role that is not easily 



 

 

10

quantifiable. This suggests the possibility of a new, undefined position, beyond medical 

illustration. 

 

The interviewees consistently use Visual Analogies and Storytelling as a mechanism to 

describe the 3-D CGI artefact. The transcript data shows that many of the building blocks of 

the author’s aesthetic style, including cinema and the natural world, are detected by 

interviewees from both disciplines. This would suggest that the visual aesthetic is a critical 

component in how individuals interpret 3-D CGI visualisations of medical data. However, 

medical participants found difficulty in interpreting imagery that had drifted too far from the 

‘voice of medicine’. They were unable to see beauty and function in the same image space.  

This suggests that while there is an obvious application for the author’s pathway in clinical 

communication, there may be resistance to the use of a visualisation approach that challenges 

the divorce of art and science. 

 

The concluding chapter of the thesis brings together all of the strands discussed in each of the 

preceding chapters. It affirms the author’s original contribution to knowledge and outlines 

three possible strategies for the future development of the work. These include the 

development of more interactive tools for real-world patient communication strategies, 

further investigation into the role of tacit knowledge and the potential application of the 

author’s pipeline in other areas of scientific visualisation. 
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2. Animation and Visualisation of the Inner Body 
 

2.1. Introduction 
 
This chapter analyses established approaches to animating and visualising the inner body 

using 3-D computer technologies. Three areas in particular are discussed. These are 

contemporary 3-D CGI in biomedical animation, clinical imaging/3-D medical visualisation 

and arts-based interpretation of clinical radiological data. Within each of these areas, notions 

of accuracy, visual style and intended audience are considered. These vary significantly 

amongst the group. In describing the works produced in these respective fields, the author 

highlights possible gaps in existing knowledge that will allow for exploratory work to be 

undertaken during the research.  

 

The author focuses on two strands of contemporary 3-D CGI in biomedical animation, 

namely biomedical computer animation and the biomedical television documentary. 

Biomedical computer animation engages in a range of activities, producing interpretative 

screen-based narratives for the health, education and pharmaceutical sectors. In contrast, the 

biomedical television documentary aims to provide a form of edutainment that engages a 

mass audience in health science, through a dramatic narrative. The author analyses each of 

these in turn, and identifies potential to grow this aesthetic using clinical data as a starting 

point for the visualisation process. 

 

In contrast to this, clinical imaging/3-D medical visualisation provides the medical 

professional with images that are generated by scanning acquisition modalities, such as CT 

and MRI. These 2-D cross-sectional images are primarily designed for clinical diagnosis. This 

data is also used to generate 3-dimensional visualisations, as used in virtual endoscopy, 

medical training, surgical planning and presentations. The author affirms that these modalities 



 

 

12

produce scientifically accurate imagery. However, the visual aesthetic is difficult to 

understand, does not reflect reality and is restricted to the eye of the trained medic. This 

provides opportunities for the author in his own practice. 

 

Lastly, the author considers the contemporary fine art approach to interpretation and 

visualisation of clinical radiological data for gallery-based installations and artwork. While 

the scientific value of this may be considered minimal, the author is interested in the 

subversion of scientific data by the fine artists highlighted, as a means of articulating a ‘new’ 

body aesthetic using MRI. In contrast to the production of 3-D computer animation in 

medical illustration and clinical imaging/3-D medical visualisation, this fine art approach 

offers a non-reductive body aesthetic.  

 

Contemporary representations of the inner body using digital imagery have evolved from a 

particular historical point in the 19th Century. This starting point is described as ‘non-style’24, 

and is a way of representing human anatomy that suppresses style and interpretation. This 

approach has encouraged the modern day 3-D medical illustrator to conform to scientific 

reporting of the body. The author challenges this approach, instead suggesting an 

‘…alternative way of seeing…’ (Ede, 2005 p.3) that communicates the internal harmony, 

structure and form within the human body, rather than a reductive reality. 

 

The concept of mediating our inner body is not a unique endeavour. This chapter concludes 

by highlighting the opportunity for a departure from contemporary approaches in medical 

animation and visualisation, one that combines radiological scan data with the tacit 

knowledge of the digital arts-based practitioner. This is suggested in response to the gaps 

identified in current animation and visualisation modalities, in particular the bringing together 

of arts-based practitioners and clinicians in pursuit of a hybrid visual aesthetic; one that does 

                                                 
24 Non-style - A term coined by the art historian Martin Kemp, it refers to an illustrative image style 
where ornamentation and interpretation are minimised in the pursuit of a more true representation of the 
body. 
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not bow to the ‘voice of medicine’ but that challenges existing visualisation paradigms in 

pursuit of ‘new’ inner body aesthetic. 

 

2.2. Historical premise for the contemporary  
 

The use of 3-D CGI in biomedical animation is a relatively new phenomenon with the advent 

of affordable 3-D computer workstations and software in the late twentieth century. However, 

while this field applies contemporary technologies, its approach follows the historic traditions 

of the medical illustrator. The beginnings of today’s 3-D biomedical anatomical illustration 

can be traced back to the eighteenth century with the philosophical teachings of Hume25 and 

his contemporaries where we see the separation of the body and mind. This philosophical 

approach to knowledge matches the advent of modern medicine and the rise of what the art 

historian Martin Kemp terms the ‘non-style’ (Kemp, 2000) seen historically in medical 

illustration. As Kemp explains, ‘the draining of obvious ornamentation, stylishness, and 

pictorial seductions from much institutionalised science occurs from the mid-nineteenth 

century onwards…’ (Kemp, 2000 p.4); Kemp categorises this aesthetic as a ‘non-style’.   

 

Henry Gray’s (1827–1861) anatomy etchings are an example of this early separation whereby 

a ‘non-style’ is implemented with the exclusion of decoration and minimisation of 

interpretations. The image in Fig.2 is taken from Gray’s Anatomy and highlights this setting 

of boundaries and labelling of terrain. The annotations provide the viewer with the language 

of science with the labelling of regions, shading and cross-hatching of zones. Gray’s 

engraving depicts a simplistic guide to a human kidney providing a medical educational 

textbook to 19th century doctors. Through its attempt not to create any ambiguity it is left 

devoid of decoration and ornamentation and in this way resembles an engineer’s or 

surveyor’s drawing, absent of any context or peripheral information. 

                                                 
25 David Hume (1711–1776) – Scottish born philosopher who was a strong advocate for empirical 
methods and positivist approaches to knowledge. 
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Fig.2 - Detail of Kidney, Gray’s Anatomy, 1850 
 

 

Fig.3 – ‘Fetus in Utero’, William Hunter (Engraving by Jan van Rymsdyk) 1754 
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Gray’s period of medical representation saw the ‘divorce of art and science’ (Rifkin et al., 

2006 p.67) through an ‘aversion to stylistic distortion’.  Like many artists of his time, Gray 

was true to the romantic ‘ideal of truth to nature’ supported by John Ruskin’s26 views of 

‘scientific accuracy in observation’.  

 

There are examples that predate the work of Gray applying the reductive description of the 

body. The physician William Hunter’s (1718-1783)27 engravings, primarily of a foetus in 

utero, separate the mind and personality from the mother. The engraving in Fig.3 illustrates a 

dislocated form, the body (and foetus) viewed with no decoration or trappings of the humanist 

perspective; the subject’s legs have been amputated and womb exposed, the mother becomes 

utterly dehumanised as the flesh is peeled back in layers, revealing the child, like a complex 

topographical 18th century map. The mechanics are exposed and the image is prepared for 

empirical discussion and dissection.  

 

Historically the artist’s approach to describing the body was not always driven by ideals of 

the empiricist. In contrast to the birth of the ‘non-style’ we see early medical illustrators of the 

Renaissance embracing the decorative.  The work of the Renaissance humanist and Professor 

of Anatomy at University of Padua, Andreas Vesalius (1514-64) heralded an alternative 

approach to mediating the inner body through imagery. In particular his seminal work, 

entitled ‘De Humani Corporis Fabrica Libri Septem’ (The Fabric of the Human Body in 

Seven Books), provided the first detailed published anatomy book in western medicine. The 

images used in the ‘De Humani Corporis Fabrica Libri Septem’ were designed as ‘aids in 

strengthening the memory’ (Rifkin et al., 2006 p.14). 

 

                                                 
26 John Ruskin (1819-1900) - An architect, author and poet who was extremely prolific in the 19th 
century. 
 
27  William Hunter (1718 – 1783) – A pioneer of modern obstetrics and the early atlases of foetal 
development and pregnancy. The engravings are by the artist Jan van Rymsdyk (1750-1788). 
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Fig.4 - ‘Skeleton in Landscape’, Andreas Vesalius, De humani corporis fabrica, 1543 

 
 
Vesalius believed in the humanist notion that images could embody an idea and offer 

meaning beyond words. In contrast to Gray’s Anatomy, Vesalius was not trying to restrict 

information and meaning to the physicality of the organs or anatomy. In Fig.3 the image acts 

to both inform and leave the viewer with the concept and feeling of ‘mortality’. Rifkin writes 

‘these figures openly mourn their own death and grieve the passing of others’ (Rifkin et al., 

2006 p.16).  
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2.3. Contemporary 3-D CGI in Biomedical Animation  
 

The role of the artist as scientific illustrator prevails in western medicine and has done for 

many centuries, whereby the artist is commissioned to illustrate for his or her scientific 

patron. This historical progression can be studied in germane research such as; ‘The changing 

face of medical illustration’ 28 (Fallows, 1994), ‘Human Anatomy: Depicting the Body from 

the Renaissance to Today’29 (Rifkin et al., 2006) and more recently, the ‘Anatomy Acts’30 

exhibition held in Edinburgh, Scotland and its accompanying publication (Patrizio and Kemp, 

2006).  These anthologies identify significant historical landmarks in medical illustration, 

highlighting the evolving role of the medical illustrator and placing the author’s practice and 

research within an historical context. 

 

Contemporary 3-D computer-based animation in the field of biomedicine is a continuation of 

this historical timeline, providing screen-based tools to illustrate the internal body. According 

to Dijck31, computer 3-D animation and visualisation has provided artists with the apparatus 

to ‘mediate’ the human body with imagery.  

 
‘From the pen of the anatomical illustrator to the surgeons advanced endoscopic techniques, 
instruments of visualisation and observation have mediated our perception of the interior 
body through an intricate mixture of scientific investigation, artistic observation, and public 
understanding’. (Dijck, 2005 p.4) 
 

                                                 
28 ‘The Changing Face of Medical Illustration’ FALLOWS, J. (1994) The Changing Face of Medical 
Illustration. London, Royal College of Art. – This MPhil Thesis carried out at the Royal College of Art 
(RCA) in 1994 charts the raise of technology in Medical Illustration. Fallows lists in detail the historical 
progression of medical illustration from ancient depiction of the body to early computer graphics in the 
1990’s. 
 
29 ‘Human Anatomy -  Depicting the Body from the Renaissance to Today’ 
 RIFKIN, B. A., ACKERMAN, M. J. & FOLKENBERG, J. (2006) Human Anatomy: Depicting the Body 
from the Renaissance to Today Thames & Hudson. – This book describes and illustrates the significant 
illustrative works ‘…of the body from the Renaissance to today.’  
 
30 ‘Anatomy Acts’ -  This exhibition held in 2006 in Edinburgh UK ‘…explores the social, cultural and 
scientific significance of anatomy in Scotland over the last 500 years.’ PATRIZIO, A. & KEMP, D. 
(2006) Anatomy Acts, Birlinn.   
 
31 Professor Jose van Dijck – An established media theorist in the cross over between art and science 
based at the University of Amsterdam.   
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This ‘mediated’ perception as described by Dijck, has advanced into the digital age with both 

science and medical illustration using computer tools to create, scan and visualise the body. In 

the article ‘Picture this’ in the journal ‘Nature’ (Gewin, 2005), the medical writer Virginia 

Gewin identifies computer animation in biomedical science as a ‘New-wave’ niche. While 

this notion of ‘niche’ could be partly true, there is evidence to suggest 3-D computer 

animation and visualisation by medical artists is widespread. In Mike De La Flor’s ‘The 

digital biomedical illustration handbook’ (De La Flor, 2004) several biomedical areas are 

cited where 3-D computer graphics are applied. These include: ‘surgical explanation, 

medical-legal, veterinary, patient education and cellular illustration’ . In ‘The Guild 

Handbook for Scientific Illustration’ (Hodges, 2003), we also see evidence of the trend to 

move from 2-D traditional methods of illustration to 3-D computer animation, with an article 

by Mathews and Winkleman (Hodges, 2003 p.247) setting out a list of tools, materials and 

techniques for the 3-D computer based illustration of science. 

 

The expansion of contemporary 3-D biomedical animation has been influenced partly by the 

rapid growth of the 3-D computer graphic content in film, TV and video games. The 

contemporary medical illustrator now has access to computer modelling, animation and 

rendering software tools previously available only to Hollywood film studios just two decades 

ago32 (Boucher, 1995). Mathews and Winkleman describe the potential gains of 3-D 

computer animation to medical artists and illustrators as follows: 

 

‘In 3-D animation, the animator acts like the director of a play. Animators are responsible for 
building models and environments in 3-D space, posing characters and cameras, and 
controlling lighting as well as other elements in the scene.’ (Hodges, 2003 p.247)  
 
 

                                                 
32 The increasing power of computer hardware combined with a significant drop in unit cost of 
animation software packages and hardware, has improved accessibility to the freelancer and hobbyist.  
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This control of the ‘scene’ as described by Mathews and Winkleman provided by 3-D 

computer animation software packages allows the contemporary medical animator to build a 

new vision of the human body aesthetic.  

 

2.4. Biomedical 3-D Computer Animation                                                                            
 
 

The medical animation firm ‘Hybrid Medical Animation’ (Hybrid, 2005) demonstrates this 

emerging style33. This model of production involves computer animators and artists being 

hired to construct a narrative to communicate a complex medical condition, a surgical 

procedure or the latest drug therapy. A stylised version of the male torso produced by Hybrid 

Medical Animation, shown in Fig.5, displays the bone and vessel structure under the skin. It is 

important to note that this image is not a direct visualisation of live patient data but a visual 

representation of an idealised male torso and accompanying anatomy. 

 

Fig.5- 3-D Animations of a virtual human torso by Hybrid Animations, 2005  
 

                                                 
33 Hybrid Animation Showreel can be viewed at <http://www.hybridmedicalanimation.com/> [Accessed 
3/06/05]. 
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Fig.6 – Promotional poster from Hurd Studios, 2008 
 
 

Hybrid’s animations fit with Hodge’s definition of the medical illustrator as artist in the 

‘service of science’. Similar visual styles can be seen in the work of Hurd Studios34, a 

biomedical animation company with clients in the pharmaceutical industries and medical 

education. A sample of their work can be seen in Fig.6. The work of studios such as Hybrid 

and Hurd is comprised of short 3-D computer animated video sequences designed to 

demystify new drugs or support medical education, and is principally designed for a medical 

audience. These are not the only two commercial companies who provide this digital 

animation. Further examples include Biodigital Systems (Biodigital, 2007), Primal Pictures 

                                                 
34 Hurd Studios - US based 3-D biomedical animation commercial company 
<http://www.hurdstudios.com/> [Accessed 3/06/05]. 
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(Primalpictures, 2005), Eyemaginations (Eyemaginations, 2008), Random42 (Random42, 

2007), Nucleusinc (Nucleusinc, 2008 ) and Zygote (Zygote, 2007) to name but a few. 

 

Many of these commercial companies reinforce the concept of the 3-D computer artist as an 

illustrator of science. As previously stated, artists and animators have conventionally been 

commissioned by pharmaceutical companies, teaching hospitals and/or healthcare centres to 

provide animation that communicates complex medical scenarios. They may or may not work 

closely with medical teams to meet the client brief, providing short narrative based film 

sequences. This model of interaction provides high quality 3-D animated graphics to explain 

complex medical principles.  

 

Significant to this research is the application of visual storytelling by 3-D computer 

animation. The computer animator applies his or her own interpretation of the medical brief 

to deliver a screen based didactic narrative. This narrative is built through supervision or 

guidance from the medical team and the artist/animator’s vision for the internal body. In the 

case of the biomedical animation cited thus far, the visual style parallels that of printed, 

educational anatomical material. 

 

Similarly the narrative is designed for a professional medical audience. The emphasis has 

been on targeting medical training and education. The lack of evidence of patient orientated 

3-D work may be a result of economic factors and a lack of commercial opportunities; 3-D 

computer animation is labour intensive and is expensive to produce and therefore to 

commission.  It thus follows that the types of animation created tend to be funded by 

pharmaceutical or medical device companies and therefore the material is targeted at medical 

professionals. 

 

While the majority of the work cited applies representation and interpretation of the inner 

human body using 3-D CGI, there are also emerging examples of companies using MRI in the 
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production pipeline. One such example is the Biodigital Systems35. Founded by artists John 

Qualter and Aaron Oliker, the techniques used at Biodigital Systems focus on didactic 

explanation and demonstrate how 3-D CGI can be merged with scientific data and artistic 

visualisation. The example image in Fig.7 shows a snapshot of a heart flythrough visualised 

by Biodigital Systems using MRI data extracted from the publicly accessible Visible Human 

Project (See section 2.6). 

 

 

Fig.7 – Heart Animation from MRI data, Biodigital Systems, 2006 
 

The work of Biodigital Systems suggests that these two distinct specialisms (scientific 

radiological scanning and interpretative 3-D CGI) can be combined. The pipeline adopted or 

developed by Biodigital Systems to facilitate this linking of expertise is not known to the 

author. However, in terms of implications for this doctoral work, the visual style used in the 

                                                 
35 Biodigital Systems are a USA based biomedical visualisation company focusing on ‘3D animation, 
interactive virtual training tools, anatomically accurate 3D medical simulation (e.g, from MRI, CT, 
PET), and medical information systems'. Their work is further demonstrated in the training DVD 
‘Medical Visualization’ QUALTER, J. & OLIKER, A. (2005) Medical Visualization. Alias. 
<http://www.biodigitalsystems.com> [Accessed 2/12/07]. 
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above example (Fig.7) remains diagrammatic and relatively simplistic. It could be said that 

the visual aesthetic as seen here, despite the accuracy of the physical movement of the 

animation, replicates that of printed, traditional medical illustration, with basic rendering 

techniques being applied in Maya. 

 

‘Primal Pictures’36 has also started to explore how visualisation of clinical data might be used 

as a means of enhancing their 3-D CGI approach to biomedical animation. The work of Dr 

Vassilios Hurmusiadis at Primal Pictures on the ‘Virtual Heart Project’ (Hurmusiadis, 2007) 

also highlights the possible benefits of extracting clinical data for 3-D visualisation purposes. 

The aim of this creation of a virtual heart does not however focus on the visual aesthetic; it 

focuses instead on simulating the physical attributes of heart movement and behaviour. This 

too therefore suggests that commercial companies are exploring means of combining clinical 

data with 3-D computer visualisation. However, the emphasis to date appears to focus less on 

visual style and more on technical accuracy. 

 

As illustrated, Primal Pictures focuses on the development of digital anatomy resources for 

medical education and training (a sample image is shown in Fig.8). Their work adopts an 

illustrative quality with the emphasis on medical clarity and accuracy. While the 3-D CGI 

outcomes are technologically new, the visual quality and aesthetic of this work is traditional 

in its anatomy aesthetic.  Also, Primal Pictures adopt an idealised approach to describing 

anatomy that does not accommodate internal human variation.  

                                                 
36 Primal Pictures – UK based anatomy company specialising in resources for medical educators 
<http://www.primalpictures.com/> [Accessed 20/04/05].  
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Fig.8 - Primal Pictures website image, 2008 
 

 

In summary, biomedical 3-D CGI animators work to bring life to complex medical principles 

using 3-D animated computer graphics. The visual style adopted by the commercial 

companies cited above tends to be one of anatomical illustration with a heavily stylised 

approach. This selection of style many be down to a number of factors, including resource 

and expertise; many 3-D biomedical artists are freelancers or small companies and do not 

have the equipment or training to achieve the high production values required for 

photorealism. Also, client budgets may be relatively small, restricting production values.  

 

In terms of audience, many of the works produced by these largely American companies 

would appear to be targeted at a professional audience in the areas of pharmaceutical 

promotion and in the training of health professionals at a variety of levels. The use of 3-D 

CGI in patient education and interaction would appear limited. Again this may be linked to 

where business opportunities lie.  

 

From the material gathered there is an emerging use of clinical radiological data in 3-D 

biomedical animation. However, the application of clinical radiological data seems limited to 

research and development at both Biodigital Systems and Primal Pictures, with little evidence 

of its application in their core works. Factors such as cost, scan quality and restricted access 
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to clinical patient scan data may all contribute to this. Again, this would point to opportunities 

for scholarly research and development.  

 

2.5. TV Biomedical Documentary 
 

Examples of 3-D biomedical computer animation outside the domain of scientific 

communication and education can be seen in TV documentary making (in this case UK 

television). The biomedical documentary genre tends to be longer in time duration than the 

biomedical animation already discussed, and is often part of a mini-series; combining live-

action footage and 3-D CGI animated sequences. Whilst the 3-D CGI artists and animators 

working in TV post-production are not known as medical illustrators, they nonetheless make 

a contribution to this field and its visual aesthetic.  

 

The work of British-based 3-D CGI artist Richard Morris37 (Morris, 2005) is an example of a 

stylised visual technique used to navigate the inner body. Morris is known for his work on the 

British Channel 4 series ‘Body Story 2’ directed by Leanne Klein and Daniel Percival (Klein 

and Percival, 2001) and produced in collaboration with the Moving Picture Company38 

(MPC) in London. ‘Body Story 2’ is a heavily stylised vision of the inner body and presents a 

‘CG’  rendering of the inner body with crisply rendered blood flow and fly-throughs of human 

cell division. Morris also worked on the BBC 2 documentary ‘How to build a human’ 

(Cohen, 2002) applying a similar visual style. The images in Fig.9 and Fig.10 are stills taken 

from moving 3-D computer animated sequences in Body Story 2. 

 

 

                                                 
37  Richard Morris – A UK based 3-D CGI artist who has worked on several critically acclaimed TV 
documentaries on the human body. The Jackals Forge <http://www.jackals-forge.com>  [Accessed 
18/05/05]. 
 
38 The Moving Picture Company (MPC) is a large London based post production house. Their work 
consists of feature film visual effects TV documentaries. <http://www.moving-picture.com> [Accessed 
on 11/03/09]. 
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Fig.9 – ‘Body Story 2’ – Inside a 3-D CGI artery.  Granada Television, 2001 
 

 

 

 

Fig.10 – ‘Body Story 2’ - Overview of blood vessels in 3-D CGI, Granada Television, 2001 
 
 

In comparison to the works of Hurd and Hybrid, the documentary narrative and visual 

aesthetic style adopted in the Body Story 2 series is not educationally driven. Instead, it offers 

a more creative interpretation of the inner body that is not fiercely tethered to hard science. 
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The remit of the biomedical TV documentary is not only to educate, but also to entertain. This 

phenomenon, often termed edutainment39, simultaneously provides both education and 

entertainment through the narrative of film, videogames, music, television and animation. The 

TV biomedical documentary is a form of edutainment, providing the viewer with a visual and 

cinematic commentary on the inner body whilst also imparting health information. Although 

it may be argued that the health information is minimal, and the entertainment and drama 

level is high, it still engages the audience due to its high production value. 

 

The cellular world depicted in Fig.9 and Fig.10 is highly interpretative and does not try to 

conform to photographic reference. This absence of photorealism distances the viewer from 

the inner body and the reality of bodily functions. The viewer engages with the narrative with 

their ‘suspension of disbelief’40 intact, despite the images not reflecting reality. For example 

in Fig.9 the artist has depicted red blood cells out of scale and too few in numbers to reflect 

reality. However, to reflect the actuality of blood flow would have resulted in a saturated 

image that was difficult to interpret for the lay viewer. Therefore, the 3-D CGI artist has 

applied his or her own tacit knowledge to the visual style, building imagery that is distilled 

from the medical principles. 

 

                                                 
39 Edutainment - A technique whereby education is combined with entertainment through film, video 
games or multimedia. 
 
40  Suspension of disbelief - A phase coined by the English 19th century poet and philosopher Samuel 
Taylor Coleridge.  It is a phrase used to describe the viewer’s or reader’s ability to believe in the truth of 
a piece of fiction despite the story, event, image or animation being outside the bounds of reality. 
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Fig.11 - Life before Birth, 3-D CGI foetus, Pioneer Productions, 2005 
 
 
A more recent example of edutainment was the documentary ‘Life before Birth’ (also known 

as ‘In the womb’) directed by Toby MacDonald (MacDonald, 2005) with the 3-D CGI 

completed at  ‘The Mill’ 41. In this work, the viewer is presented with a high level of detail. 

Production values are now driven by photorealism. The image in Fig.11 demonstrates the 

high level of detail achievable in 3-D CGI. The film, broadcast in the UK, combines live-

action footage, 3-D CGI, physical prosthetic models and 4-D42 ultrasound imagery to depict 

the time in the womb from conception to birth. These various media are sequenced together 

as separate moving images within the narrative.  

 

MacDonald applies a strong photorealistic visual style and adopts a mixed media approach, 

which results in the line between reality and computer generated imagery becoming blurred. 

                                                 
41 The Mill – A London based VFX post-production company <http://www.the-mill.com/> [Accessed on 
8/02/09]. 
 
42 4-D Ultrasound – A process whereby ‘Doppler Ultrasound’ is used to image the human foetus in the 
womb. 
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Following the release of the ‘Life before Birth’ documentary, art historian Martin Kemp 

published the article ‘Womb with a view?’ (Kemp, 2005), and raised the notion of honesty in 

interpretation. Kemp was of the opinion that the viewer was being deceived, arguing that the 

line between the real foetus and the CGI version is unclear. In the article he suggests that 3-D 

CGI should be more ‘honest’: 

 
‘In an area of medicine where public feelings run violently high, more honesty is required if 
the contract of trust with the viewer is to be honoured. I should like to propose a law and a 
consequent rule. The law is that the greater the skill available for making utterly convincing 
and seductive images, the greater is the power of potential deception. The rule is that the 
more sophisticated the techniques, the greater is the responsibility for openness in explaining 
how the images have been generated and where they stand in relation to the raw data.’  
(Kemp, 2005 p.147) 
 

Kemp’s views are significant to any approach involving 3-D CGI biomedical visualisation. 

The 3-D CGI artist interpreting the inner body has the computer-based toolkit to present 

photorealism and the potential to deceive the viewer. The artist/filmmaker should make clear 

what is computer generated and what is raw scientific data. This is not a question of what is 

real and not real, but a question of setting initial boundaries for differentiating between 

clinical images and interpretive 3-D CGI.  

 

In this particular case, the subject matter is particularly emotive. While this doctoral research 

is not focused on foetal scan data and any subsequent visualisation, it is concerned with the 

visualisation of the inner body. 3-D CGI artists presenting medical information have a 

responsibility to differentiate between the synthetic and actual. In contrast to ‘Body Story 2’, 

the series ‘Life before Birth’ has used photorealistic techniques to ‘deceive’ the viewer (to use 

Kemp’s term). This argument is of continuing significance to the author’s thesis. 

 

The BBC mini-series ‘Fight for Life’ (BBC, 2007) first broadcast in the UK in 2007, with 3-D 

CGI produced at Jellyfish Pictures43 (Jellyfish, 2007) demonstrates another example of this 

                                                 
43  Jellyfish Pictures – London, Soho based post-production company specialising in Visual Effects and 
computer animation. <http://www.jellyfishpictures.co.uk/> [Accessed 17/012/07] 
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documentary genre. This excerpt from Jellyfish Pictures describes all that the documentary 

captures: 

‘250 shots across six episodes...CGI recreations include; how a heart attack would look from 
the inside, a baby struggling for life in the womb, and a journey even deeper into the body to 
see how the human immune system fights against deadly invaders.’ (Jellyfish, 2007)  
 
This product for mass TV viewing presents visually polished versions of human disease as 

shown in Fig.12 and Fig.13. 

   

Fig.12 Child in ‘Fight for Life’, Jellyfish Pictures, 2007 

 

 

Fig.13 – Red Blood Cells - ‘Fight for Life’ , Jellyfish Pictures, 2007 
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The Guardian newspaper journalist Kate Bevan reflects on the series in her article ‘Fight For 

Life’: birth without the messy bits’ (Bevan, 2007). Bevan states: 

 
‘There was some great photography and innovative ways of presenting stuff that were 
genuinely moving, but I hope future instalments are a bit less twee and coy and a bit more 
engaged with the wonder of human life in all its gory gloriousness.’ (Bevan, 2007) 
 

In Bevan’s opinion, the language and narrative used in this particular episode of ‘Fight For 

Life’ sanitised the process of birth. In her view, human experience of childbirth with its 

accompanying struggle of pain, sweat and blood is lost, both in the high quality 3-D CGI and 

in the gentle language of the narration spoken by the actor Andrew Lincoln.  

 

Brian Viner of the Independent newspaper is also critical of the series in his article ‘Picturing 

of health was far from perfect’ (Viner, 2007). He describes the visual effects as ‘show 

boating’ going on to say: ‘It means trickery without merit, over-intricate footwork that does 

not advance the cause of the team. A similar phenomenon mars Fight for Life’. Viner goes on 

to make an additional point on the nature of the narrative:  

 

‘But the "will-he-die-or-won't-he?" tease belongs in the likes of hospital-based dramas such 
as ER44 and Holby City45, not in a documentary about real people, however happy (or well 
remunerated) they may have been to be filmed in such stricken circumstances.’(Viner, 2007) 
 

The use of clichés in the script is also raised by Viner as questionable:  

 
‘Alan arrived at hospital on the day of his operation with a ticking time-bomb inside him, 
evoking, for this viewer at least, the crocodile in Peter Pan. No wonder he looked ill.’  
 

Both journalists lament the quality and sophistication46 of the computer generated imagery. In 

addition, Brian Viner believes that the narrative is unsound (Viner, 2007). Documentaries 

                                                 
44 ER – USA Television drama series set in the Emergency Room (ER) of a fictional Chicago Hospital. 
 
45 Holby City  – UK BBC television drama series set in a fictional Bristol Hospital. 
 
46 The Visual effects in Fight for Life created by Jellyfish Pictures won several international awards for 
contributions to visual effects. These include: Best Visual Effects – BAFTA 2008, Award for 
Outstanding Visual Effects - Visual Effects Society 2008, USA 
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such as ‘Fight for Life’, ‘Body Story 2’ and ‘Life before Birth’ provide models for 

communicating medical concepts using 3-D CGI. The documentaries differ from the 

biomedical 3-D animations as they provide more complex narratives that extend over a longer 

time period. In this regard, storytelling is central.  

 

The application of cinematic and documentary styles combined with live action video 

provides the audience with commentary. While these documentaries endeavour to present the 

facts, drama is used as a tool to engage the viewer. However, as articulated by Viner and 

Bevan, the drama used in ‘Fight for Life’ and medical TV shows such as ‘ER’ and ‘Holby 

City’ can provide a distorted and overly dramatic version of reality. It can also be clichéd. 

 

When critiquing the merits of these documentary examples, it is important to consider the 

scale of production. Documentaries of this style tend to be commissioned by television 

channels and therefore need to have an entertainment value, rather than be purely educational. 

They also command much higher budgets than the (small) biomedical education work of 

Hurd and Hybrid. These higher budgets tend to result in higher production values with greater 

numbers of 3-D CGI shots present in the final films. For example, the credit list for ‘Fight for 

Life’ includes twenty people47 in the CGI production alone. As an individual artist-researcher, 

it is unlikely this number or level of shots and productions will be readily achieved in the 

doctoral timescale.   

 

 
What is significant in both the documentary format (Klein and Percival, 2001) (BBC, 2007) 

(Biodigital, 2007, MacDonald, 2005) and the 3-D biomedical short (Hurd, 2005, Hybrid, 

2005) is the role of interpretation. These styles provide a model for artisan visualisation 

                                                 
47 The Jellyfish Pictures team on ‘Fight for Life’ consisted of the following artists and production staff 
(twenty-three in all): Supervisor: Philip Dobree, Producer: Nicola Instone, Marco Iozzi (lead lighting 
and rendering TD), Matt Chandler (lead lighting and texturing – microscopic world), Jayson King (lead 
animator),  Antonio Mossucca (modelling, lighting, rendering), Sam Howell, Katrina De Graaff, Gemma 
Thomson, Conal Wenn, Didier Muanza, Mark Docherty, Howard Bell, Matt Johnstone, David Feullaitre, 
(animation), Sam Meisels, Ben Perrott, Dave Griffiths, Arthur Broome, Dom Halford (compositing) 
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whereby the ‘tacit knowledge’ of the artist is applied to visualise the inner body for a lay 

audience. The 3-D CGI artist uses the computer software and hardware technologies to 

generate the imagery, but only as a tool to facilitate their own or the director’s vision for the 

script. 

 
 
 

Summary 

 
In summary, the 3-D biomedical animation and illustration pathway primarily translates 

complex medical principles and often invisible body spaces into 3-D screen-based imagery.  

The examples cited do not primarily incorporate clinical data into the production pipeline of 

animation. However, we see the emergence of some commercial biomedical animation 

companies exploring its potential application in their respective 3-D CGI pipelines. This use 

of a predominantly interpretative approach to 3-D biomedical animation often results in the 

complexity and detail of human body tissue being missed or not exposed. The imagery is a 

representation not a visualisation. In the case of body anatomy, this results in a default or 

idealised body anatomy, preventing personalised information being presented. Human 

anatomy and physiology is not all the same; our organs vary in size, shape, internal make-up 

and response to disease, which is captured by clinical imagery, but rarely seen in medical 

animation. 

 

This presents an opportunity for the development of a new pipeline that incorporates clinical 

data with visualisation and interpretation. This might allow for visualisation of areas of the 

body that otherwise would not be seen and would be difficult for the 3-D CGI artist to 

construct without significant medical knowledge. Emerging companies such as Biodigital 

Systems and Primal Pictures are starting to explore the potential of this hybrid approach. 

However, it appears from the literature that there is limited utilisation of MRI data in this 

commercially focused activity. 
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The stylised form seen in the interpretative 3-D computer medical animation distances the 

viewer from reality; this lets the lay audience in particular understand the complex medical 

principles being explained. However, over stylisation undermines the significance of the 

subject matter.  This provides an opportunity for using clinical MRI data as means of 

enhancing the clarity of a 3-D CGI interpretative approach. This application of a hybrid 

approach raises ethical considerations – where does 3D-CGI start and the medical 

representation end? Again, this provides an opportunity for scholarly investigation into the 

responsibility of the digital artist and how far he or she combines clinical data with 

interpretative 3-D CGI. 

 

2.6. Clinical imaging and 3-D medical visualisation   
 

The second significant category seen in visualisation of the human body is that of Clinical 

imaging and 3-D medical visualisation. The term clinical imaging is a reference to the 

acquisition of data, gathered from CT, MRI, Ultrasound and Positron Emission Tomography48 

(PET). These modalities of contemporary clinical imaging apply a non-visible spectrum 

(radio waves and X-rays) to capture cross-sectional image slices of the human body. The term 

3-D medical visualisation is a reference to the post-processing of the data acquired during 

scan procedure. For the purposes of this contextual review the focus will predominantly be on 

the acquisition and subsequent visualisation of MRI data taken from patients with arterial 

disease. 

 

 

 

 

 
                                                 

48 PET - Positron emission tomography – Imaging techniques used to capture human metabolic 
information and is used alongside MRI and CT scanning modalities. 
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MRI Data Acquisition 

 
Magnetic Resonance Imaging (MRI) consists of a large ‘Supra’ cooled magnet that is of 

sufficient strength49 to influence the way in which the atoms in our bodies behave. The MRI 

scanner50 uses this powerful magnetic field and radiofrequency to generate cross sectional 

images of the body tissues and fluids. The sequences of acquisition, applied by the 

radiographic operator (radiographer), provides an output of 2-D cross-sectional slice images 

that represent ‘T1 weighted’, ‘T2 weighted’ and ‘Proton density weighted’ imagery. In the 

case of imaging of fine structures such as blood vessels, this weighting is combined with a 

contrast agent (Gadolinium) that is injected into the patient. This MRI sequence results in the 

capture of unparalleled imaging of the human vascular system. 

 

 

The image in Fig.15 illustrates this type of cross-sectional MRI data. In this case, the image is 

of the author’s brain across thirty-six slices. The image in Fig.14 is a Sagittal51 view of the 

author’s brain, again imaged in a sequence. These 2-D images represent the purest image data 

outputted from the scanner. These are the starting point for any diagnosis for a radiologist and 

can be viewed on a computer monitor or printed onto medical film for viewing. 

 

 
 

                                                 
49 The magnetic field in MRI ranges from 5,000 gauss – 20,000 gauss which compares to the earths 0.5 
gauss magnetic field. 
 
50 The scanner used for this research is a Siemens Avanto MRI located at Ninewells Hospital. 
 
51  The sagittal plane describes a view that runs parallel to the sutures in skull running front to back. It 
generates an image that splits the body into right and left halves. The image in Fig.14 is a sagittal view. 
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Fig.14 – MRI sagittal image of the author’s brain, John McGhee, 2005 
 

 

Fig.15 – MRI axial images of the author’s brain, John McGhee, 2005 
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3D Medical Visualisation 

 
Due to increasing computational power available in contemporary computer visualisation, 

MRI data can be post processed into 3-D screen-based imagery. Diagnostic 3-D technology 

currently varies from the proprietary systems52 built into the MRI and CT scanning hardware, 

such as Siemens Leonardo (Siemens, 2005) and GE Advantage Windows (GE, 2005) through 

to stand-alone software applications, such as Voxar 3D (Barco, 2005), MIMICS (Materialise, 

2005) and Osirix53  (Osirix, 2008). The image in Fig.16 is an example of a post-processed 3-D 

volume54 visualisation compiled in Osirix of the author’s brain from the 2-D clinical MRI 

cross section data as seen in Fig.14 and Fig.15. 

 

These types of 3-D digital visualisation techniques in clinical imaging continue to have an 

almost exclusively diagnostic focus. Konig’s thesis categorises 3-D medical visualisation into 

three ‘Special Applications’ (Konig, 2001), namely ‘Virtual Endoscopy, Surgical Planning 

and Medical Training’.  Virtual endoscopy uses the clinical data, primarily CT, visualised in 

real-time for on screen simulation of the inside of the arteries (Virtual Angioscopy), the colon 

(Virtual Colonoscopy) and the trachea (Virtual Bronchonscopy). These are virtual 3-D fly-

throughs designed to assist in diagnosis and help the clinician plan any surgical intervention. 

3-D visualisation of clinical data used in surgical planning is similar in application to 

endoscopy whereby 3-D visualisation is used as a means of planning complex surgical 

procedures. This might include areas such as organ transplantation, or in recent cases, the 

separation of two conjoined twins where bone and blood vessels have to be mapped and then 

cut (Davis, 2003).  

                                                 
52 Proprietary systems – In-house software programmes or systems that are not generic or off-the-shelf. 
 
53 Osirix is a software package that allows 2-D MRI, CT or PET data to be viewed and visualised in 3-D 
Osirix <http://www.osirix-viewer.com/> [Accessed on the 24/08/08]. 
 
54 Volume 3-D reconstruction - The first and most dominant technique for 3-D reconstruction in 
medicine is ‘volume’ reconstruction using Pixels and Voxels extracted from 2-D image slice data. This is 
a relatively quick and less Central Processing Unit (CPU) intensive approach. 
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Fig.16 – 3-D Volume visualisation of the author’s skull and brain, John McGhee, 2005 
 

 
 

Fig.17 – Image of the 3-D Visualisation of the clinical, Wired Magazine, 2005 
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The image in Fig.17 is one such example, where radiologists and surgeons have worked 

collaboratively to use 3-D visualisation as a means of building a virtual version of patients’ 

skulls and blood vessels.  

 

Training is the third of these applications, where data is visualised for the education and 

training of health professionals. This generally happens in three key areas; anatomy 

education, endoscopy and surgery. Again, 3-D visualisation is being used as a tool for 

visualisation prior to an intervention on a real patient or cadaver. 

 

There is a fourth field that is not directly applied in day-to-day clinical operation but still 

contributes to 3-D visualisation is that of functional MRI (fMRI). fMRI is the imaging of 

brain activity designed to pick up areas of oxygenated blood and deoxygenated blood as it 

flows through brain tissue. fMRI is a technique used frequently in neurology and psychology 

research. It provides further insight for scientists into the physical nature of human thought. 

 

Both clinical and any subsequent 3-D visualisation of medical scan data is designed to render 

the body transparent and allow science to ‘see’ and ‘map’ the body. As Dijck calls it, the 

‘…mechanical-medical eye…’ (Dijck, 2005 p.7) allows the body to be exposed in ever 

increasing clarity whether it be in 2-D or 3-D. However, this ability to see more detail does 

not necessarily equal increased understanding. The ‘mechanical eye’ provides detailed 

images, but interpretation requires significant amounts of knowledge.  

 

Medical interpretation of the body is but one stream of visualisation, representing the body 

using a set of protocols and attributes embedded in science e.g. MRI. Radiological 

instrumentation describes disease in the language of science; abstract, specialist and separated 

from the body. In effect these images are encoded for interpretation by clinical radiologists.  
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Fig.18 is an example of the type of arterial MRI images produced by the scanner The MRI 

scan shows a black-and-white 2-D rendering of the human aorta. This image communicates 

little of the functional and positional information pertaining to the anatomy for the lay 

audience. The bright white central path situated in the centre of the image visualises blood 

flow as it passes through the aorta and splitting at the Renal Artery and then femoral artery. 

However, the imagery captured by scientific instrumentation is a representation of body 

space. It is not truly a rendering of anatomy, but a translation of the body by the reactions of 

the tissues to the magnetic field of the scanner. 

 

 

Fig.18 - MRI 2-D scan of the aorta – Dr Graeme Houston, Ninewells Hospital, 2003 
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Fig.19 - 3-D visualisation of MRI Renal Angiogram - Dr Graeme Houston, Ninewells Hospital, 2003 
 

The image in Fig.19 is a 3-D visualisation of arterial data taken from 2-D MRI data, 

visualised in 3-D using Osirix (Osirix, 2008) software. Both kidneys are visible on the right 

and left of the image with the aorta in the centre of the rendering. Although this is a 3-D 

image it says little to the untrained eye. Again, the information is encoded in the language and 

aesthetic of clinical scientific imaging.  

 

This radiological imagery attempts to break the body into pieces thus reducing it to 

understandable components, in the spirit of true reductionism. Empirical science sees the 

‘body as machine’ a concept put forward by Descartes55 and Bacon56 and which still 

underpins the dominant reductive paradigm in medicine. Rosen argues: ‘…science is 

currently locked in the grip of a Cartesian tradition that asserts that organism is machine’ 

(Rosen, 2000 p.297). 

                                                 
55 Rene Descartes (1596–1650) – French Philosopher whose work forms the foundation for much of 
early modern scientific philosophy. 
 
56 Francis Bacon (1561-1626) – English philosopher behind the early approach to reductive and rationale 
approach to science. 
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Scientific medicine sees the body as a machine, a device to be maintained. If the body 

presents issues that deviate from the norm the professional will remedy this just as an 

engineer would fix a car engine. Imagery produced by an MRI scanner therefore assists 

diagnosis in an attempt to see the physiology of disease and the working of the machine.  

 

For the author as an artist-researcher visualising the body and working with radiological data, 

this separation of the body from the mind is of relevance. The philosophical standpoint that 

follows on from this mind-body separation is to the exclusion and minimisation of the artist’s 

role in visualisation, the artist becoming merely a conduit for the distribution of a scientific 

version of events.   It could be argued that any artistic endeavour would be better suited to 

closing the gap between body and mind, using 3-D CGI to facilitate this reconnection.  

 

3-D Volume visualisation in teaching and research 

 
There are further examples of 3-D volume visualisation being used as means of creating 

publicly accessible anatomy teaching resources, as seen in the ‘Visible Human Project’ 

(VHP)57. The VHP, distributed by the US National Library of Medicine in 1996 (NLM, 2004) 

attempts to bridge the gap between the radiological, physical and anatomical by introducing a 

new anatomy resource. The project, now complete, involved the digitisation of a complete 

cadaver. The digital cadaver was then made available for download on the World Wide 

Web58. The image in Fig.20 shows a 3-D rendering of the digital cadaver. Several academic 

institutions use the data for teaching and research purposes59.  

                                                 
57 Visible Human Project – Funded jointly by the US congress, the Nation Science Foundation and the 
Centre for Human Simulation – University of Colorado, USA. The project was primarily designed for 
medical educators as a training resource. The VHP involved 1,872 individual wafer thin cross-sectional 
slices of an actual human body being combined with MRI and CT scan data to generate a 3-D digital 
cadaver 
 
58 The data is a available at <http://www.nlm.nih.gov/research/visible/visible_human.html> [Accessed 
on 20/04/04]. 
 
59 One of the major institutions involved was the Hamburg-Eppendorf University, which developed the 
Voxel-Man <http://voxel-man.de/> [Accessed on 21/06/04], and a series of anatomical ‘fly-throughs’ for 
educational purposes. 
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Fig.20 – VHP Male Cadaver <http://www.nlm.nih.gov/research/visible/visible_human.html> [Accessed on 
20/04/04], 2007 

 

 

Although groundbreaking, the ‘Visible Human Project’ has been limited in its success for 

education and training (Imielinska and Molholt, 2005). Imielinska and Holholt’s paper 

‘Incorporating 3D virtual anatomy into the medical curriculum’ highlights the complex 

nature of translating a vast resource like the VHP data set into the educational context. 

Imielinska cites two major barriers, that of the ‘technological task’ and the ‘pedagogic task’ 

(Imielinska and Molholt, 2005 p.51), meaning firstly, the technical hurdles to access to good 

3-D models and secondly, the design of the  multimedia methods for delivering that material 

to students. It appears from the literature that the VHP project did not fully address the needs 

of education, assuming that data alone is enough for imparting anatomical knowledge.  
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Summary  

 

In summary the clinical imaging and 3-D visualisation in medicine is designed as a tool to 

support medical professionals in diagnosis, planning and training. It is a machine-based 

reductive form of instrumentation that is controlled, with interpretation minimised. This MRI 

imagery is absent of style based on reductive values and automated scientific protocols. The 

3-D visualisation of data has some interpretation applied but is an automated and measured 

process, designed to minimise human intervention. 

 

The images themselves are designed to be understood and viewed by highly trained clinical 

staff. The language of the images does not truly reflect any photorealistic version of reality, 

but a medical physics based version translated from how each of the atoms in the body tissue 

behaves. Therefore, lay or casual viewers cannot truly access and understand the data, without 

significant medical knowledge. 

 

While the acquisition and visualisation of MRI data generates an image that is difficult to 

understand for the layperson, it collects unsurpassed detail of internal body tissues. The 

medical gaze of MRI sees deep into the body, exposing what would be ‘invisible’ to the 

visible spectrum. This clarity of vision and verifying of data while encoded could potentially 

inform and take the viewer to places previously unseen and unexplored. In comparison to the 

more interpretative approaches seen in 3-D CGI animation, it offers the scientific clarity and 

detail that is difficult for the 3-D CGI biomedical artist to achieve on his or her own. 
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2.7. Arts-based interpretation of clinical (radiolo gical) data 
 
 
There are individual artists who do not conform to the artist-as-illustrator of science model, 

and represent an alternative perspective. These visual practitioners go beyond the current 

notions of visualisation and representation of MRI data. These individual artists are not 

necessarily concerned with communicating functional aspects of the inner body. The work 

they produce is not intended for clinical or diagnostic purposes, but for providing an 

alternative way of viewing the inner body for exposition.  Sian Ede, the author of ‘Science 

and Art’ describes this approach as beyond the didactic:  

 

‘Artists don’t ‘do’ prettification, product or propaganda for public understanding of science. 
But they can engage with it and create images, which suggest alternative ways of seeing’ 
(Ede, 2005 p.3) 
 
Ede discusses this reflective and experiential aspect of artistic thinking:  

 
‘If art is ‘about’ anything, it is a reflection of human experience in complexity and it 
emanates from an inventive individual with an unusual and sideways view on things, 
communicating with vigorous, visual acuity and daring, its intellectual content.’ (Ede, 2005 
p.3) 
 

The role of the artist as described by Ede cannot just be producing imagery for ‘product or 

propaganda for [the] public understanding of science’.  Ede suggests that artists have a 

responsibility to produce images and artefacts that present an alternative way of seeing the 

world.  
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Justine Cooper 

 
An example of a fine-artist who provides the viewer with an alternative way of seeing 

medical data is Australian artist Justine Cooper60.  Cooper’s work explores the 

‘…intersections between culture, science and medicine...’ (Cooper, 2006), she works in a 

range of formats including ‘…animation, video, installation, photography…’. What is 

relevant to this research is Cooper’s work with medical scan data - in particular her work with 

MRI. 

 

 

Fig.21 - ‘Reach’ - Justine Cooper, 2000 

                                                 
60 Justine Cooper <http://justinecooper.com/> [Accessed on the 3/03/06]. 
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Fig.22 - ‘Trap – self portrait’ Justine Cooper, 1998 
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In her sculptures ‘Reach’ and ‘Trap’ Cooper builds a 3-D picture of MRI data using glass 

sheets. As shown in Fig.21 and Fig.22, Cooper has used the MRI data to represent the digital 

format through sculpture. These glass sculptures are visualisations of MRI data acquired from 

Cooper’s own body during a scan, Cooper describes how she was driven by‘…translations 

(and) transformations…’ in creating each artwork. She articulates being interested in the 

conversion process of organic human form to the digital, used in MRI scanning. 

 
Cooper describes the work ‘Trap – self portrait’ as follows: 

 
‘In the resulting physical work I attempt to retain some of the ephemerality of that earlier 
translation into digital space, some of the obscurity of the cipher, while offsetting them 
against the apparent tangibility of the body. Instead of a simple dichotomy between invisible 
and apparent, virtual and physical, continuity and displacement, an attempt at a less distinct 
or concrete disclosure is being made where the gap becomes the viewer's space.’ (Cooper, 
2006) 
 

The artist’s exploration of the gap between the ‘visible and apparent’ provides the viewer 

with a set of questions and the distance for interpretation. The intention is not to communicate 

the anatomical data from an educational perspective but to articulate the tangible nature of the 

body.  Cooper’s work provides ‘alternative ways [to] see’ the body and poses questions in the 

mind of the viewer.  

 

Cooper’s work is not intended for communication of anatomical structures, its primary goal is 

to present the artist’s view of the body. This work presents an alternative aesthetic approach 

to visualisation and should be acknowledged in any strategy to visualising data. While the 

visual media used by the author is CGI and not physical sculpture, the concept of providing 

the viewer with an alternative body aesthetic is relevant, as it stimulates areas of discussion 

and thought that more didactic pathways neglect. 
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Angela Palmer 

 
Another example of a fine artist working with MRI and CT data is the UK based artist Angela 

Palmer. In a similar fashion to Cooper, Palmer uses scan data of her body combined with 

glass sheets to build an alternative self-portrait aesthetic. The artist engraves or draws ‘onto 

multiple sheets of glass, layer upon layer’ (Palmer, 2007) generating a unique visual aesthetic 

of the inner body. The image in Fig.23 illustrates a self-portrait produced by Palmer in 2007.  

 

Using these multiple layers of glass Palmer exposes the ‘…expose the extraordinary 

architecture of the internal human form.’ (Palmer, 2007). In a similar way to Cooper, she is 

reacting to what she ‘sees’ as the artist. What is significant about Palmer’s work is the notion 

of ‘extraordinary’ (as she describes), the imparting through her work of the architecture and 

complexity of the MRI data. Like Cooper, Palmer moves beyond the didactic, expressing her 

interest in the internal complexity of her own body. 

 

This approach to exposing the ‘extraordinary’ nature of the inner body’s architecture may 

resonate outside the field of fine art practice. The MRI data contains more than just diagnostic 

data, providing the artist with a detailed map of the body, which can be interpreted in the 

particular artist’s media and style. The significance of both Cooper and Palmer’s work to this 

thesis is their use clinical data for their own ends and self-expression. This augmentation and 

interpretation of the clinical data provides yet another possible model of visualising the body. 
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Fig.23 - ‘Self-portrait’ - Angela Palmer, 2007 
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Kai-Hung Fung 

 
The exposure of the internal architecture and form of the body can be seen in the visual work 

of the Hong Kong based practicing medical doctor and artist Kai-Hung Fung. Kai-Hung Fung 

has captured a series of 3-D CT images of the human skeleton structure. His article entitled 

‘Art Using 3D Computer Tomography: Extending Radiology into the Realm of Visual Art’ in 

the journal ‘Leonardo’(Fung, 2006) describes the transition from clinical data into the realm 

of visual art; the images exposing the visual harmonies present in the body and expressing the 

clarity of medical equipment used in capturing the data. Fung searches for pattern and 

symmetry amongst the structures present within the CT data rather than communicating more 

anatomical information. The images in Fig.24 show an example of Fung’s reconstruction of 

the pelvis and rib cage. 

 

 

Fig.24 - CT 3-D data, Kai-hung Fung, 2006  
 

Whilst this provides an alternative ‘way of seeing’ it also delivers an image from a positivist 

perspective. There is no augmentation or subversion of the data for artistic ends; the images 

instead are true to the scientific CT starting point, with little or no obvious doctoring of the 

data. Kai-Hung Fung using volume visualisation techniques in a similar fashion to that of the 

‘special application’ seen in radiological 3-D diagnostic visualisation. The work is 

celebrating the architecture of the body, but through the lens of the medical image. This 
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limited artistic intervention provides an alternative pathway accepted by science as a means 

of exploring beauty within the body. The images are ‘true’  to their scientific origins and 

therefore their visual quality can be verified. This may provide the viewer with reassurance 

that the image is based on scientific truth but these images have no anatomical reference point 

or narrative to guide the viewer. 

 

Susan Aldworth 

 

The work of Susan Aldworth61 (Aldworth, 2007), an artist printmaker based in the UK, 

demonstrates another perspective or view on MRI data. In Aldworth’s own words her work 

‘explores the nature of consciousness’. In her work ‘Brainscapes’  (Jarvie, 2007 p.13) 

illustrated in Fig.25, Aldworth produces 30 ‘very intimate portraits’ of patient data. Inspired 

by her own encounters with a potential brain tumour, Aldworth ‘engaged with the technology 

and the subject matter’.  

 

The MRI data is augmented and reflects a personal experience much in the same way that 

Palmer’s does. Aldworth reworks the medical data and uses it as a vehicle for self-expression. 

In the print ‘Brainscape’ Aldworth creates a series of augmented MRI scan slices taken of her 

own brain, echoing the self-exploratory nature of the works of Palmer and Cooper. 

                                                 
61  Susan Aldworth <http://www.susanaldworth.com/> [Accessed on 6/02/08] 
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Fig.25 - Susan Aldworth – Brainscapes, 2007 
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Fig.26 - The Heart Edition – Dr Jane Prophet, 2007 
 

Jane Prophet 

 

Professor Jane Prophet (Goldsmith University, London) is yet another example of an artist 

and researcher who has visualised MRI data for artistic endeavour. In collaboration with 

cardiothoracic surgeon Mr Francis Wells at Papworth Everard Hospital, Cambridge, Prophet 

has developed a series of sculptures and video installation. In these works, Prophet explores 

the notion of ‘transplant’ and organs as ‘commodity’ through the presentation of the heart as a 

precious material constructed from MRI data.  
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As illustrated in Fig.26, ‘The Heart Edition’ was technically produced using ‘rapid 

prototype’62 technologies to convert the MRI data to physical form. The artist’s website63 

describes how she ‘subvert[ed] the functionality of an SLS Rapid prototyping machine’ to 

construct a 3-D model of the MRI heart data using gold leaf. Prophet’s piece differs from the 

previous MRI self-portraiture we have looked at, actively challenging our perception of the 

inner body and its place in society. 

 

The examples of Cooper, Palmer, Aldworth and Prophet highlight many ‘alternative ways of 

seeing’ the internal body through augmentation of MRI scan data. These artists offer a model 

for working with MRI data not founded in reductive views of the body. In fact, they actively 

subvert and modify such views. The artist’s voice is discernable in their visual response and 

personal aesthetic. In contrast, Fung’s model of working keeps the visual grounded in the 

aesthetic of science.  

 

These arts-based examples demonstrate models of working that provide space for dialogue 

between the imagery and the viewer. However these works differ from any clinical 

visualisation, being primarily designed for a gallery setting rather than a clinical context. The 

question posed by the author is whether a similar approach can be used to develop alternative, 

non-diagnostic imaging within the clinical context.  

 
Summary 

 

The work of Prophet, Cooper and Palmer is not concerned with scientific accuracy when 

augmenting or representing data. Their aim is to provide an alternative use for the data in 

their chosen medium. The visual styles vary dramatically with Cooper and Prophet applying a 

                                                 
62 Rapid Prototyping - A process whereby Computer Aided Design (CAD) data is used to build a 
physical model  
 
63  Jane Prophet <http://www.janeprophet.co.uk/> [Accessed on 6/02/07] 
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sculptural and installation aesthetic, and Palmer’s being a 2-D etching process on glass. These 

artists use their works to question how we see our bodies, with no interest in adhering to the 

reductive ‘voice of medicine’. Their works are designed to be viewed primarily in the gallery 

space, although it is clear that the screen-based work and sculptural work could be 

disseminated outside the gallery. 

 

The examples cited have applied no 3-D CGI techniques. Instead, they use other methods as a 

means of augmenting the data, such as video and physical materials to realise their works. 

These artists also apply traditional materials, such as glass, or work directly with the 3-D 

visualisation volume data, incorporating this directly into their installations. Based on these 

approaches, there is an opportunity to use 3-D CGI techniques to augment the data for 

visualisation purposes.  

 

The works of all the artists discussed are not based on communicating disease or anatomy but 

on the artist’s personal philosophy. This is not a criticism of the works, but merely the 

defining of the work’s boundaries for dissemination. It is clear that this type of visualisation 

could not be applied in any clinical diagnostic context. However, could the general approach 

of challenging the medical image aesthetic be applied beyond the gallery? The author 

suggests that alternative ‘ways of seeing’ and visualising medical data may have a place in 

clinical care.  

 

2.8. Summary 
 
 
The focus of this chapter has been to establish current modes of mediating the inner body 

through clinical imaging, medical visualisation and 3-D CGI. This is important, as the 

intention of this thesis is not to replicate work that has already been completed in this field, 
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but to acquire a picture of the ‘terrain’ 64 (Gray and Malins, 2004). Artists, scientists and 

engineers have developed a variety of visual means for imaging our inner body. However, the 

author argues the need for an alternative model.  

 
In the works of Hybrid Animations and Hurd Studios, animations and highlighted through the 

genre of ‘3-D biomedical animation’. This field reinforces the notion of the artist-as-

illustrator of science, providing animation shorts or multimedia tools in support of anatomy 

education and commercial presentations. The 3-D CGI animations cited (Hurd, 2005, Hybrid, 

2005) demonstrate this service of science with little evidence of progression into patient 

education or alternative approaches to the visual aesthetic. The work of Primal Pictures 

(Primalpictures, 2005) and Biodigital Systems  (Biodigital, 2007) illustrates 3-D CGI being 

combined with MRI data. However there has been minimal attention paid to the visual quality 

of this work.  

 

The use of documentary making as a means of engaging a lay audience through television is 

also recognised as a model for mediating the inner body and disease. The biomedical 

documentaries cited demonstrate a narrative based media used to convey disease, anatomy 

and physiology to a lay audience. These examples utilise edutainment as a mechanism of 

imparting complex biomedical information to television viewers. This strategy for rendering 

the ‘body transparent’ (Dijck, 2005) through the use of drama and entertainment may raise 

ethical questions. However, the author argues that the ability to engage a lay audience through 

entertainment is still valid, particularly in patient education. The large scale of TV 

documentary production is also mentioned by the author; as a factor inhibiting his ability to 

pursue and replicate this line of inquiry.  

 

What is significant about the 3-D CGI biomedical documentary is the application of the 3-D 

CGI artist’s tacit knowledge in the creation of visual screen-based imagery. Under the 

                                                 
64 The term ‘mapping the terrain’ is used by Gray et al. to describe the doctoral literature review. 
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supervision of the series director, artists gather information from medical professionals and 

photographic references to generate the ‘story’ of disease and the inner vision of the body. 

This use of the 3-D CGI artist’s tacit knowledge could be applied more directly in the 

visualisation of clinical data. 

 
In contrast to these interpretative approaches the diagnostic eyes of science provide imagery 

that excludes interpretative intervention. MRI scans allow medical practitioners to see deep 

inside the body using instruments that function outside the human eye’s visible range, 

creating an image based on a reductionism where the body and mind are separated. Disease 

becomes a mechanical bodily malfunction recorded by medical imagery to be measured and 

resolved through reductive means. The emergence of modern day medical imaging techniques 

form part of a historical timeline mediating the body through a positivist approach to 

knowledge. Gray (Gray, 1916) and Hunter (Rifkin et al., 2006) ushered in a new era of 

objective observation and recording of anatomy. The ‘non-style’, as termed by Kemp, was 

born from this period, providing medicine with a more objective tool for recording anatomy. 

This historical development relegated the artist to servant of science.  

 

The non-empirical approach to biomedical mediation of the inner body, through artists such 

as the Renaissance anatomist Andreas Vesalius, applied an alternative philosophy in image 

making. The use of the ‘humanist’ philosophies were applied by Vesalius to embed multiple 

ideas in his imagery, conveying context combined with anatomical information. His works 

also related to the physical and visual discourse of artworks of that time. In the contemporary 

context Vesalius’ work would be seen as too interpretative and ornamental a style for 

imparting anatomical or disease information. However, his approach should not be 

disregarded when constructing new 3-D CGI works. As Ede (Ede, 2005) explains, artists can 

offer alternative ‘ways of seeing’ and this different perspective with its often subversion of 

medical imagery can offer emotional insight into disease and the human anatomy.  
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In the work of Cooper, Palmer, Aldworth and Prophet we see an interpretative approach to 

describing the inner body. These artists use medical scan data to challenge and explore our 

perceptions of the body, as exposed by clinical imaging. While these individual artists offer 

‘alternative ways of seeing’ their respective approaches are often more about their own 

personal statements and agenda. In a clinical context, this artist-centric approach would be 

inappropriate, with the space for self-expression and ambiguity being rightly limited in the 

context of diagnosis and doctor-patient communication. However, to merely produce imagery 

that services science would contribute little to the field and inevitably dilute the artist’s 

contribution. This questions the position the author takes when using his own work as a 

means of visualising disease. 

 

Opportunities for a hybrid approach 

 

The various pathways discussed in this chapter all have merit as a means of engaging 

differing types of audiences using screen-based media. The author proposes that the blending 

and combining of these modes of visualisation may result in a new pathway for visualising 

medical scan data. By mixing the strengths of biomedical animation, the documentary 

approach, clinical data and arts based interpretation, a series of 3-D CGI artefacts could 

emerge that facilitate a new mode of interaction.  

 

The proposal put forward by the author is for an alternative practice-led pathway. There is an 

opportunity to develop an alternative aesthetic that draws from the four paths, pulling firstly 

the complexity and clarity of the MRI data, secondly the tacit knowledge of the artist as seen 

in the biomedical animation and TV documentary genres and thirdly, the inclusion of an 

alternative aesthetic, as seen in the gallery based art works examples of Cooper, Palmer and 

Prophet. It remains to be seen whether all of these actual attributes can be combined in a 

single 3-D CGI artefact, however a series of digital objects may incorporate MRI data, 

narrative and interpretation in varying levels. 
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The author’s intention is to use these levels of interpretation to create a collection of works 

that use the MRI data as a baseline and foundation for the visualisations. However, this 

should be combined with interpretation, driven by the author’s own tacit knowledge and 

reading of the data, working within contextual and cultural influences. 
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3. Doctor - Patient Interaction 
 
 

3.1. Introduction 
 
The exposure to the real-world application of the mechanics of western medicine during the 

author’s residency in the Department of Radiology, Ninewells Hospital, Dundee, (as 

discussed further in chapter 4, section 4.2) has impacted on the author’s understanding of 

different clinical imaging modalities and their current application in aiding the understanding 

of disease. This insight, gained through first hand observation of the clinical team at work, 

has informed the early visual work that is the subject of this chapter.  

 

In the initial stages of practice, the author produced a series of 3-D CGI didactic works. These 

firstly consisted of visualised Computed Tomography (CT) data. This imagery provided the 

clinical team with props with which they could visualise disease in its most basic form. The 

author’s work culminated in the creation of a video sequence for playback on DVD to 

demonstrate the condition renal artery stenosis.  

 

The DVD was created by the author in response to a direct request from the clinical team in 

the Department of Radiology, Ninewells Hospital, Dundee, for the development of a visual 

tool to help describe the disease process to patients. It was created at a time when the author 

was becoming aware of the limitations of the strategies currently adopted within NHS 

Tayside to help patients to understand disease. The resulting DVD positions the author’s 

visual material at the didactic (less interpretative) end of the author’s ‘bandwidth of 

interpretation’ (as discussed further in chapter 6). It illustrates the relative shortcomings of 

the dominant ‘voice of medicine’ in communicating renal artery stenosis to patients and in so 

doing encourages the author to probe further in considering how best doctor-patient 

communication tools might be improved in further research activity.  
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A review of the information giving tools currently used by clinicians’ appears to suggest that 

there is a gap in knowledge and a role for arts-based practitioners to play in improving patient 

understanding of disease and also doctor-patient interaction. The ‘aetiology’ of ill-health as 

cited by Cecil Helman65 (Helman, 2001) is considered. Helman describes patient 

communication strategies as being locked in a given power dynamic, where the medical 

professional always comes out on top, championing the reductive view. It is from this 

position of dominance that many of the shortcomings of current doctor-patient interaction, 

and by extension, the opportunities for improved doctor-patient interaction, through the use of 

3D CGI, become clear. The possible role of the author and of 3D-CGI in helping to reshape 

and redress this power dynamic is apparent and discussed. 

 

The DVD was the subject of a small, early study with patients. This was undertaken in 

collaboration with the Robert Gordon University in Aberdeen, Scotland. While the findings of 

this study are inconclusive, a number of different themes emerge. These include the potential 

for the development of a visual vocabulary to engage patients in more meaningful dialogue 

with health professionals; the possible application of the author’s hybrid approach in this real-

world context; and the need for further research to be undertaken in this field. These findings 

are supported by a review of the methods of imparting disease information to patients, as 

referenced from other academic studies and the available literature.  

 

The patient study contributes little to the immediate research questions posed. Nonetheless, it 

gives focus to the early visual aesthetic developed, and how this might be improved. The 

author concludes that the dominant ‘voice of medicine’ could be challenged with the author’s 

proposed hybrid approach. With this in mind, the author’s reflection on the production of 

these early works clarifies the need for a bandwidth of interpretation to be produced. It also 

                                                 
65  Cecil Helman – Professor of Medical Anthropology, Brunel University, London 
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suggests a real-world context for the application of the author’s visual style and the 3-D CGI 

works produced.  

 

This chapter concludes by confirming that while the DVD provided a starting point for an 

interaction tool to facilitate the communication of disease process and anatomy, further work 

is required to unpack the delivery of the 3-D CGI artefacts and the application of the author’s 

aesthetic in clinical interaction. In light of this finding, reference is made to what Mishler66 

terms ‘the unremarkable interview’ (Mishler, 1984). The author argues, based on the work of 

Mishler, that any artefact used to facilitate this interaction must not be used to compound the 

‘voice of medicine’. The arts-based practitioner should endeavour to create 3-D CGI artefacts 

that introduce dialogue and encourage interaction between clinicians and patients. This is the 

challenge that lies ahead. 

                                                 
66 Elliot G. Mishler – Professor of Social Psychology in the Department of Psychiatry at Harvard 
Medical School. 
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3.2. Review of current tools supporting patient und erstanding of disease 

 
 

During the residency, the clinical staff encouraged the author to apply the initial 3-D CGI 

material in describing disease process to patients. The emphasis of this early phase of 

development was the visualisation and communication of arterial disease. As a result, a phase 

of making was initiated. This explored how a more didactic approach, with a less 

interpretative style, may be used in the communication of disease and anatomy in doctor-

patient interaction. 

 

Prior to embarking on this process of making, the author considered the relative strengths and 

weaknesses of current information giving strategies available to assist patient communication. 

Most of what the author found was text-based, although the use of visual props in the form of 

anatomical models and printed outputs of the scan data were also found in certain 

circumstances. 

 

In the NHS, the first and most prevalent means of imparting health and disease information to 

patients is paper-based leaflets. Prior to any MRI scan or doctor-patient consultation, patients 

are sent an information leaflet as shown in Fig.27. This sample leaflet contains information on 

the diagnostic procedures of MRI in a paper-based text format (A5 size). This presents no 

disease information or detailed information on the type of the procedure involved, but rather 

is a generic text description of the procedure and the safety considerations taken into account 

by the clinical team on the day the scan takes place (for example the dangers of metallic 

fragments and the reactions to the contrast dyes used during some procedures).  
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The sample leaflet (Fig.27) is not a visual aid in doctor-patient consultation. Nonetheless, 

patient information leaflets first introduce patients to the diagnostic process, and set the scene 

for the communication of the disease process that follows.  

 

 

 
Fig.27 – MRI NHS Tayside Patient information leaflet on MRI, 2004 

 
 
Much of the communication of the initial disease process falls to the GP, who will relay the 

findings of the scan to the patient several weeks after the scan has taken place. Nonetheless, 

patients that attend the Department of Radiology for a scan procedure meet with a consultant 

both before and after the scan takes place. It is this space and the interaction that follows 

between the consultant and the patient that is of interest to the author.  

 

There is some evidence of academic studies being carried out to evaluate the effectiveness of 

patient information giving strategies within parts of the NHS in the UK (Chesson et al., 2002, 

Hameen-Anttila et al., 2004). For example, the work of Professor Rosemary Chesson (Robert 

Gordon University Aberdeen, UK) explores the views of 500 patients within the Radiology 
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Department at Forrester Hill Hospital, Aberdeen. Following this study, Chesson states that 

‘information-giving strategies have been far too simplistic’ (Chesson et al., 2002).  

 

This study, carried out in 2002, questioned patients on their medical knowledge of MRI, CT 

and Ultrasound procedures. It found that one in five patients could not answer any of the 

basic questions asked on medical scanning. Chesson states that ‘patients were not well 

informed about their investigations’ and that specific areas within patient information, such as 

‘disease process’ - the communication of illness (Ley, 1997) – and understanding of ‘basic 

anatomy and physiology’ (Rashid and Jagger, 1996) – are lacking or weak.  We can conclude 

that although health professionals try and tackle these issues through text-based solutions, 

‘attention has focused on the technical aspects of writing patient information leaflets’ (Dixon-

Woods, 2001) and not on the ‘wider issues’ (Chesson et al., 2002) such as disease process, 

emotional support and the ongoing communication of illness and recovery.  

 

Prior to commencing these visual works, the author considered the impartment of disease 

information to patients through the use of visual props.  Through observation and 

conversations with Dr Graham Houston67 and his clinical team at Ninewells Hospital, 

Dundee, it became clear that visual imagery is used in some doctor-patient consultations.  In 

the drawn illustration, shown in Fig.28, Dr Houston demonstrates how he might use a sketch 

to supplement verbal communication when discussing the condition renal artery stenosis with 

a patient. 

 

                                                 
67 Dr Graeme Houston, a leading British interventional Radiologist, at Ninewells Hospital and Medical 
School, NHS Tayside, Dundee, Scotland. 
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Fig.28 – Line drawing of arterial stenosis in the thickening of the artery and the placement of a stent in the leg, Dr 

Graeme Houston, 2005 
 

In the top third of the drawing we see two cross-sectional sketches of this condition. The 

clinician has simplified the artery, narrowing it into a cross-section, highlighting the 

substructure of the lumen68, as well as annotating the drawing by labelling each area of 

interest inside the lumen. Below the cross sectional information, we also see a pictorial 

explanation of the surgical intervention proposed. In this case, a stent may be used to remedy 

the blockage, through surgery within the artery.  

 

In creating this drawing, Dr Houston has generated a visualisation of both the MRI data and 

his own anatomical and diagnostic knowledge, using lines and text. While this method of 

interaction is dependant on the clinician’s drawing skills and ability to convert complex 

information into a format understandable to the patient, it nevertheless presents an example of 

an elementary form of visualisation that is applied in doctor-patient interaction69.  

                                                 
68 Lumen – The lining of an artery. 
 
69 There are two published examples of patients using line drawings to communicate with health 
professionals GUILLEMIN, M. (2004) Understanding Illness: Using drawings as a research method. 
Qualitative Health Research, 14, 272, BROADBENT, E., PETRIE, K. J., ELLIS, C. J., YING, J. & 
GAMBLE, G. (2004) A picture of Health - myocardial infarction patients' drawings of their hearts and 
subsequent disability A longitudinal study. Journal of Psychosomatic Research, 57, 583-587. However, 
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Physical plastic desktop models are also used to impart anatomical information particularly in 

medical training. There are several companies who supply these idealised versions of the 

human body, Physio-Med70 (Physio-med, 2007) being an example of such a company. The 

models are generic, used as a physical 3-D device to supplement communication, primarily in 

a medical education context. For example, a plastic model of the human head (Fig.29) is 

shown below, with all of the anatomy delineated for teaching purposes. In other more 

sophisticated models, the clinician can remove organs and blood vessels from the torso, again 

for teaching purposes (Fig.30).  

 

Fig.29  - Plastic Model Head – Physio-Med, 2007 
 

                                                                                                                                            
it would appear that there is little or no published evidence of doctors using line drawings to 
communicate with patients.  
 
70 Physio-Med Services - http://www.physio-med.com/modules/shop/noframes_ranges.asp?catid=8 
[Accessed 06/06/07] 
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Fig.30 - Plastic Model Torso - Physio-Med, 2007 
 

The author has found no evidence of published work on the use of plastic models as a method 

of communicating with patients. However, based on the time spent by the author with the 

clinical team, it appears that these models can be used in patient communication of diagnosis. 

 

Clinical images, such as MRI, CT and Ultrasound also offer a visual means of imparting 

disease information to patients. These image modalities, produced in 2-D, are not designed or 

intended for patient communication. Despite this, there is some evidence to suggest that 

clinical imaging is extending beyond its intended parameters and is being used as a tool to aid 

a doctor’s communication with patients. One of the most widespread examples of clinical 

imaging being used as a method of communicating with patients is foetal ultrasound. This is a 

purely diagnostic imaging modality but is used for both diagnosis and patient interaction.  
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Fig.31 - Foetal Scan courtesy of http://gallery.hd.org71 
 

The level of interaction has reached the point where patients (expectant mothers) leave 

hospital with a paper copy of the clinical data (Fig.31). While this image is purely diagnostic, 

the foetal ultrasound is now a mediation artefact, providing a visual link between mother and 

unborn child. The image contains limited information for the lay viewer as the cross-sectional 

and scientific-based diagnostic process is designed to pick up any abnormalities in the foetus. 

The process is not carried out for patient education or information purposes. 

 

There is anecdotal evidence of this also happening with MRI imagery. Again, this is based on 

the author’s experience of observing the clinical team at work in the Department of 

Radiology. Following the scan procedure, the MRI data is printed onto radiographic film. 

This printed image is viewed by the Radiologist, and is used for diagnosis and reporting to 

other professionals. Similarly it can be used as prop with the patient during consultation. 

 

There is limited evidence in the literature demonstrating how effective MRI images are at 

communicating disease process to patients. However, one such study of 1067 patients, carried 

out in the Seychelles, (Bovet et al., 2002) demonstrated that by showing patients their own 

                                                 
71 GALLERY.HD.ORG (2008) gallery.hd.org 
<http://gallery.hd.org/_c/medicine/_more2005/_more08/sonogram-human-foetal-fetal-ultrasound-scan-
at-22-weeks-mono-1-ANON.jpg.html> [Accessed 17/04/08]. 
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‘atherosclerosis’72 in printed ultrasound imagery, they were more likely to cease smoking at 

six months compared to those patients who were not shown images. This provides some 

evidence of the fact that Ultrasound is not the only clinical imaging modality used in doctor-

patient interaction. 

 

3.3. Availability of appropriate disease informatio n for patients 
 

Some academic studies explore the role of image-based communication strategies in patient 

education. In the paper ‘The Role of Pictures in Improving Health Communication: A review 

of research on attention, comprehension, recall, and adherence’ (Houts et al., 2006) a 

number of themes are discussed. The main tenet of the argument is that pictures can ‘increase 

attention to and recall of health information’, compared to text-based forms of 

communication73. This implies that imagery can engage patients, improve understanding, 

recall and adherence.  

 

This paper highlights the benefits of pictorial strategies in patient doctor communication but 

does not recognise the significance of the artist’s role; the artistic intervention is only seen as 

a tool for persuasion, a one-way communication channel rather than an artefact for dialogue: 

 
‘Health professionals should explain the intended message to artists as well as the outcome 
they desire. It is a mistake to ask artists, who do not have the background to fully understand 
the intended message, to create images without guidance from professionals who do have that 
understanding’ - ‘Pictograms in Pharmacy’ (Dowse and Ehlers, 1998, Houts et al., 2006) 
 
 

                                                 
72 Atherosclerosis – A disease of the arterial walls within the human vascular system. 
 
73 Houts et al. particularly highlight the benefits to patients with ‘low’ literacy levels. This is significant, 
as low literacy do not just affect the developing world. In 1999, the World Health Organization reported 
that 21.8% of the UK population had low literacy levels. This presents a significant amount of the 
population who may potentially benefit from pictorial based strategies.  
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This assumption is based on a binary interpretation of the way medics and artists have worked 

historically. In the author’s view, this is too simplistic a description of the way in which 

artists, designers and medics could, and can work together. The value in the two parties 

collaborating in a more holistic way is as yet untested, as are the boundaries of pictorial-based 

strategies in patient disease communication. 

 

The Internet Cancer Study  

 
Patients often actively seek additional sources of information to supplement the consultation 

provided by the NHS. This supplementary process leads patients and their relatives to access 

alternative sources, such as the Internet, in order to meet this knowledge shortfall. Professor 

Sue Ziebland of the Dipex74 group at Oxford University explores the motivation behind why 

cancer patients use the Internet. In her paper ‘How the internet affects patients’ experience of 

cancer’ (Ziebland et al., 2004). Ziebland et al. perform a qualitative study on 175 patients 

across five different cancers, and describes the reasons why patients turn to the Internet: ‘to 

find second opinions, seek support and experiential information from other patients, interpret 

symptoms, seek information about tests and treatments, help interpret consultations, identify 

questions for doctors, [and] make anonymous private inquiries’ (Ziebland et al., 2004).  

 

What is significant to this thesis is the use of the Dipex site to ‘interpret consultation’ and the 

‘identification of questions for doctors’. The findings by Zeibland imply that the Internet may 

be used to compensate for the potential failings of the doctor-patient consultation process. 

Another relevant point raised in this paper is the cancer patient’s motivation to gain 

competency in the jargon of their illness in order to question the health professional that they 

are in contact with. This further suggests that patients have an appetite for disease 

understanding.  

 

                                                 
74 Dipex Group – A cancer research group exploring the application of patient experiential information 
resources online. <http://www.dipex.org.uk/>  [Accessed on 10/03/08]. 
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Whilst the Internet can offer patients greater access to disease information, control of online 

information is limited. For example, as stated by Smart et al. ‘few sites provide the range of 

information required’ and ‘the readability of the material’ is ‘set at a level incomprehensible 

to patients with lower levels of literacy’ (Smart and Burling, 2001). This lack of readability 

and comprehension is noteworthy, as it implies that mediation and interpretation of the 

science behind disease or, in the case of the Smart paper, radiological information, is not 

meeting patient needs.  

 

Audio visual media in patient communication 

 

Some attempts have been made to integrate a variety of analogue and digital audio-visual 

media into patient communication strategies. These include: 

 

·  Live-action video tape (Thomas et al., 2000) 

·  HTML, CD-ROM (Diefenbach and Butz, 2004) 

·  Flash animation (Bader and Strickman-stein, 2003) 

·  DVD (Evrard et al., 2005)  

·  2-D Animation (Leiner et al., 2004) 

 

These studies all show positive outcomes when audio-visual media is introduced to help 

communicate complex medical information to patients. None directly use 3-D CGI content 

but do apply audio-visual strategies for patient information. These studies demonstrate an 

improvement over traditional means of information giving. Importantly, the Bader et al. paper 

highlights the success of animation, whereby ‘71.1% of patients ranked Flash animation 

above other delivery formats’. This would suggest that digital information giving strategies 

should be given due consideration in the future, particularly animation, which ranked in 

popularity by patients above other formats (Bader and Strickman-stein, 2003).  
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The paper written by Stoop et al. entitled ‘Using Information Technology for Patient 

Education: realizing surplus value?’  (Stoop et al., 2004) puts forward the case for the 

potential advantages of computer-based systems for information provision. The advantages 

cited are: tailoring to specific needs and costs, and new possibilities of linking patients 

virtually. Stoop et al. also describe how ‘brochures, leaflets, videotapes and to a certain 

extent face-to-face communication’ are starting to be replaced by computer-based information 

systems.  

 

The assumption made by clinicians and designers in the Stoop paper is that computer-based 

information systems could completely ‘replace’ traditional mechanisms of information 

giving. This includes replacing face-to-face interaction with the medical physician. However, 

Stoop et al. ultimately describe this notion of new computer technologies completely 

replacing the interaction of doctor and patient as ‘dubious’. The Stoop paper goes on to 

reinforce the importance of the face-to-face encounter in information giving, describing how 

computer-based information should ‘supplement rather than replace’ existing material and 

strategies. The paper concludes that designers and clinicians must be aware of their own 

assumptions and explore whether they actually match patient needs. 

 

An example of 2-D traditional animation being used in patient communication can be found 

in the video-based cartoon narrative (Leiner et al., 2004). In Leiner et al.’s study, a group of 

192 patients were questioned on their knowledge of the need for a polio vaccine after viewing 

both a traditional non-illustrated leaflet and a 2-D cartoon video. The experiment showed that 

30% of those that viewed the 2-D cartoon answered all the post-knowledge questions 

correctly, while none of those that viewed the leaflet achieved full marks. Statistically, the 

animated cartoon provided better post knowledge retention in this study. 
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Summary 

 
The findings of this brief literature review suggest that the use of information giving leaflets 

falls short of patient requirements. Based on the study undertaken by Chesson et al., patients 

are uninformed about their basic anatomy and physiology and the implications of the 

diagnosis of disease on the other organs in the body (and by implication, their prognosis for 

future recovery). On this basis, it is reasonable to conclude that there is value in considering 

the alternative information giving formats to support improved disease understanding.  

 

Ultimately, the purpose of the Ultrasound or MRI image is to diagnose disease and to report 

on this diagnosis. The specialist who reads these scans requires at least ten years75 of training. 

This is in contrast to the patient who has little or no clinical understanding of anatomy, 

disease or medical scan data, and therefore when presented with MRI cross-sectional images, 

is unable to interpret the specialist visual information presented. This suggests that this 

approach has limited application in meaningful disease understanding for patients.  

 

At the opposite end of the technical spectrum lies the line drawing by the consultant. This 

may aid the engagement of the patient in dialogue and assist in the understanding of disease, 

but at present, there is little or no evidence to confirm the prevalence and value of this 

approach. This distance between the technical aide (the printed scan) and the basic line 

drawing also suggests that there could be potential in exploring the value of more pictorial-

based strategies in healthcare, to help populate this space.  

 

The cited examples of audio-visual media all seem to return positive results, suggesting that 

digital media in the form of 3-D CGI may also improve a patient’s ability to retain complex 

health information. The Stoop et al. paper is also important, as it highlights the tendency of 

computer-based solutions to lose sight of ‘people’ in favour of technology. A blended 
                                                 

75 To train a Radiologist it generally takes at least 7 years postgraduate training, 12 years from an 
undergraduate start. 
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approach to learning must be acknowledged when designing any solution to health 

information.  

 

3.4. The practice  
 
 
At the outset of this early phase of the visual practice, the author was keen to take all of these 

apparent gaps and information giving shortcomings into account. In the first instance, 

peripheral CT angiogram data was visualised using digital compositing techniques to show 

blood vessels, bones and skin. The purpose of this animation, as shown in Fig.32 and Fig.33, 

was to highlight to the viewer a blockage in the patient’s left leg. In doing so, it was the 

author’s intention to provide direct communication of arterial disease, with minimal creative 

interpretation.  

 

However, as can be seen, some interpretation has been added, such as the transparency on the 

skin and the strong colour difference between bone and artery. The camera angles and light 

also support a fly-through viewing experience. The background has been added to assist in 

the definition and transparency of the skin tone. While limited in artistic expression, this 

visual style possesses a quality that is simple and easy to understand in the real-world context 

of patient understanding of disease process and anatomy.  
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Fig.32 –3-D Visualisation of a CT Peripheral Angiogram, John McGhee, 2004 
 

 

Fig.33 - 3-D Visualisation of a CT Peripheral Angiogram, John McGhee, 2004 
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Fig.32 and Fig.33 are static images taken from a single animated sequence. The images were 

created using the pipeline established during the residency (discussed further in chapter 4, 

section 4.3). In this case, the CT provides substantial information on bone and arterial blood 

flow. As an imaging technology, CT captures limited soft tissue detail in comparison to MRI. 

But, in terms of constructing 3-D visualisations, CT nonetheless provides good imaging 

results on account of its x-ray origins and focus on bone density.  

 

This animation is a sample work. It explores how a more illustrative style might be applied 

using the pipeline established during the evolution of the practice. This work draws heavily 

from the traditional anatomical illustration used in anatomy education and adopts a style used 

more commonly in established 3-D biomedical animation (as discussed in chapter 2, section 

2.4). Partly as a result of adopting aspects of this established technique, this animation 

facilitated dialogue with the clinical staff in order to agree on a visual style for the 

communication of arterial disease to patients (for example how the bone, arteries and skin 

might be represented in the narrative).  

 

Ultimately, this was the author’s first attempt at extracting CT data and importing it into 

Maya. To this end, the production of this image served to confirm for the clinical team and 

the author that it was possible to produce a didactic piece of 3-D CGI imagery in this way. 

For the author, the potential for this visual approach to be developed further was also 

confirmed.  

 

Disease Storytelling – Patient DVD 

 

After producing this sample work, the author embarked on the development of a short 

animated film that might address more directly the clinical team’s perceived need for 

improved patient understanding of disease. This work focused on the specific disease process 



 

 

79

of renal artery stenosis, a condition that leads to a blockage of the artery that feeds blood to 

the kidneys.  

 

In accordance with established practice in 3-D computer animation production, a set of 

storyboards were constructed. The use of a storyboard as a means of early visualisation of 

narrative in computer animation is widespread in the animation industry (Hart, 2008, 

Begleiter, 2001) (Cantor and Valencia, 2004). These storyboards (Fig.34) were used as a 

means of interacting with the medical team prior to building any digital models. These images 

were then presented to the clinical team as a visual means of defining the mechanics of 

disease and finalising each sequence with the narrative.  

 

 
Fig.34  - Storyboard by John McGhee, 2005 

 

The clinical team in Radiology requested a didactic 3-D CGI animation explaining the 

mechanics of disease. This meant the sequence would act as a visual aid to reinforce disease 

communication. The film would also be a linear and a passive presentation (rather than 

interactive). As with the biomedical documentary (See chapter 2, section 2.5) model, it was 

agreed that a voice-over would supplement the visual material presented, to further aide 

understanding.  
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During development, the clinical team76 collaborated heavily on the content and style of 

presentation, raising several issues. For example, it became clear that without a basic 

understanding of human anatomy, disease explanation would be difficult. As a result, 

additional scenes in the animation were added to the sequence, to supplement patient anatomy 

understanding. As a prototype, the author constructed a short animated film sequence from 

the storyboard of about one minute in duration. The film consists almost completely of 3-D 

computer animation and graphics, with the aim of explaining to patients - using diagnostic 

storytelling and narrative - the workings of renal artery stenosis.  

 

 

Fig.35 – Patient DVD Screenshot, John McGhee, 2005 
 

 

                                                 
76 The collaborative team consisted of one Senior Radiologist and a Radiographer based within 
Radiology at Ninewells Hospital. 
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While this DVD based animation (Fig.35) provides a starting point for populating the space 

between the patient and the doctor, it raises a series of critical issues relating to the visual 

practice of the author. For example, the development of the DVD places the artist in the 

traditional role of artist-as-illustrator, providing a visual language for science. Furthermore, 

while the 3-D CGI was visualised from live patient MRI data and augmented using aspects of 

the author’s visual practice (in particular the pieces ‘Medulla’ and ‘Flow’ – see chapter 4, 

section 4.5) the imagery, presented in this DVD format does not fit with the more 

interpretative, arts-based approach, as described in chapter 4. The sole application of the 

DVD sequence as another medical ‘prop’  contradicts the essence of the author’s overarching 

approach to the visualisation of the clinical data.  

 

The role of the 3-D CGI artist in challenging established means of visualising the inner 

human body is central to this thesis. The author argues that to merely focus attention on 

building artefacts for didactic communication provides the 3-D CGI artist with limited 

opportunities to contribute to this field. The value that the author brings to this real-world 

context of patient understanding of anatomy and disease has therefore yet to be considered in 

any depth; this was not considered at the time of developing the DVD sequence, but is an 

aspect of the author’s visual practice that gains in prominence as the visual practice evolves.  

 

Following the preparation of the DVD sequence, the author became aware that by replicating 

the traditional biomedical model, he may not be providing the most appropriate type of visual 

information for patients. This does not suggest that the 3-D visualisation aesthetic developed 

is redundant, but that the author’s tacit knowledge may be better applied in other ways in 

order to address patient understanding of disease. In other words, before developing imagery 

for improved patient understanding of disease, a clearer picture of the possible barriers that 

stand between doctors and patients need to be considered.  
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3.5. The unremarkable interview  
 

The consultation between doctor and patient is primarily a verbal one. Mishler terms this the 

‘unremarkable interview’ (Mishler, 1984). This relates to the imbalance of power that exists 

between doctors and patients. Mishler identifies the almost complete control the doctor has 

over the consultation process: 

 

‘…the doctor is in control as first and last speaker in the exchange. Only the doctor is 
involved in developing the topic of talk, by asking a series of seemingly (to the patient) 
disconnected questions. This inhibits the patient from playing a role in maintaining 
conversation flow.’  (Barry et al., 2001 p.489)  
 

Mishler suggests that this approach to interaction, whereby‘…the doctor is in control as first 

and last speaker in the exchange…’ results in the patient being unable to play an active part in 

discussion. Mishler concludes that this model of communication: ‘… strips away social 

contexts of meaning on which a full and adequate understanding of patients and their illness 

depend. Effectiveness of practice depends on such an understanding’ (Mishler, 1984 p. 192).  

 

Mishler goes on to describe this distance between doctor and patient as the ‘voice of 

medicine’ and the ‘voice of lifeworld’. The diagram presented by Mishler in Fig.36 

summarises this ‘incompatible’ approach. This model captures the effect of the ‘voice of 

medicine’ and ‘the lifeworld’ in three key areas: Doctor, Patients and Medical Care: 
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Fig.36 - Mishler’s Voices Medicine and the Lifeworld, 1984 
 

This diagram shows these contrasting approaches to patient-doctor interaction. The ‘voice of 

medicine’ causes a ‘power imbalance’ favouring the doctor, ‘suppressing’ patients’ views. 

This, in turn, leads to ‘inhumane and ineffective care’. The opposite of the ‘voice of medicine’ 

is the ‘voice of the lifeworld’, where doctors assume a sharing of power, resulting in a more 

‘meaningful and coherent’ experience for patients.  

 

This incompatibility, as highlighted by Mishler has implications for any future research. The 

‘voice of medicine’ as described by Mishler, imparts anatomical and physiological facts. Any 

visual strategy to improve patient interaction and understanding could benefit from utilising 

this ‘lifeworld’  view. As a 3D-CGI artist and researcher working on images that may offer 

alternative ways of seeing the inner body, the author, in his research, seeks to move beyond 
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an extension of the doctor’s view of disease. 3-D computer arts-based visualisation has an 

opportunity to access patients’ views regarding the body and disease. This ‘alternative way of 

seeing’ the body could potentially balance interaction and recognise illness, minimising 

‘struggle’, ‘disruption’ and ‘fragmentation’. 

 

Views on Illness and Disease  

 

Throughout this thesis, the author argues that the 3D CGI artist should not merely represent 

the body as machine, follow the traditional means of presenting the body or reinforce the 

clinical (reductive) view of disease. However, as suggested by Mishler, one of the first 

significant challenges to the communication of disease is the conflicting opinions held by 

medical professionals and patients on illness and disease. Cecil Helman in his book ‘Culture, 

Health and Illness’ (Helman, 2001), describes the communication problems that currently 

exist in the field of Doctor-Patient interaction. Helman explains: 

   
‘Doctors and their patients, even if they come from the same social and cultural background, 
view ill health in very different ways. Their perspectives are based on very different 
premises…’ (Helman, 2001 p.79)  
 

According to Helman’s observations, doctors see disease and the body in fundamentally 

different ways to their patients. Helman provides seven key principles on which the modern 

day ‘healer’ (i.e. the doctor) is founded: 

 

·  Scientific Rationality – ‘…assumption and hypotheses must be capable of being tested 

and verified under objective, empirical and control conditions’ 

·  The emphasis on objective, numerical measurement 

·  The emphasis on physiochemical data 

·  Mind-body dualism - the separation of the physical and metaphysical. The human body 

being the study of science 
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·  The view of disease as entities – ‘medicine focuses more on the physical dimensions of 

illness’ rather than factors such as the ‘…personality, religious beliefs, cultural and 

socio –economic…’ 

·  Reductionism – less focus on the ‘actual patient’, instead emphasising a ‘particular 

disease organ, system, group of cells or bodily part…’ 

·  The emphasis on the individual patient, rather than on the family or community. 

 

This notion of mind and body separation is significant, as it situates disease in the context of 

mechanics, separate from the mind. Illness is defined by ‘objectively demonstrable physical 

changes in the body’s structure or function which can be quantified by reference to ‘normal’ 

physiological measurements.’ (Helman, 2001 p.80). Medicine concerns itself only with 

abnormalities of the body, viewing ‘physical abnormalities’ as opposed to a ‘patient’s 

symptoms, their psychological state, or cultural background’ (Helman, 2001 p.81).  

 

A patient’s view and opinion of their illness is often seen as less real than the quantitative 

measurements gathered by medicine to diagnose the illness such as blood tests, MRI, 

cardiograms or ultrasound. Arthur Kleinman77 describes how in our western culture 

‘biological’  issues are more ‘real’  than ‘psychological’ and ‘sociocultural’ (Kleinman, 1988). 

Kleiman discusses in his book ‘The Illness as Narrative’, many of the assumptions made in 

Helman’s seven principles of the modern day healer. It is clear from both authors that 

medicine primarily uses the reductive mind to diagnose patients, thus influencing the 

communication of disease with this view. 

 

In contrast to a medical professionals’ view of the body, patients see illness as part of a larger 

‘conceptual model’ relating to ‘adversity’ (Helman, 2001). This adversity model relates to 

cultural, moral and social dimensions rather than empirical science. In basic terms, when a 

                                                 
77 Professor Arthur Kleinman – An American based psychiatrist and medical anthropologist; of 
particular significance is his book KLEINMAN, A. (1988) The Illness Narrative, Basic Books. 
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human being becomes ill, scientific reasoning is not the only rationale used to describe our 

health misfortune.  The word ‘illness’ better describes the holism of the patient’s perspective. 

The ‘aetiology78 of ill health’ as described by Helman, highlights how the lay patient sees the 

‘causation’ of their illness: 

 

·  Within the individual – ‘…a malfunction within the body…related to change in diet or 

behaviour’ ‘…the responsibility for illness falls…on the patient…’ 

·  In the natural world – ‘common in this group are climatic conditions such as excess 

cold, heat, wind rain snow or dampness’ 

·  In the social world – ‘Blaming other people for one’s illness, ill health…’ 

·  In the supernatural world – ‘illness is ascribed to the direct actions of supernatural 

entities, such as gods, spirits or ancestral shades.’ 

 

These aetiologies of ill health demonstrate the possible alternative perspectives that patients 

bring to consultation with the clinicians. Patients ‘see’ their illness from this notion of 

‘malfunction’, constructing a model of their illness based on their own belief system and 

understanding of the body structure. This view is supported by the language of ill-health. For 

example, Helman and Cassel describe the word ‘disease’ as being ‘something an organ has’ 

whereas ‘illness’ is ‘something a man has’ (Helman, 2001 p.126). This division again shows 

this separation of the body and the mind. While it is not the intention of this doctoral thesis to 

question this mind and body separation or the notion of dualism, the author argues that a more 

philosophical approach to the use of 3-D CGI in clinical communication could help to bridge 

this apparent divide and assist in improved information giving and patient understanding of 

disease.  

 

                                                 
78 Aetiology - the cause, set of causes, or manner of causation of a disease or condition PEARSALL, J., 
HANKS, P., SOANES, C. & STEVENSON, A. (2006) Oxford Dictionary of English, Oxford University 
Press. 
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The Implications for the Author’s Artistic Practice   

 
 
The difference in illness beliefs between doctors and their patients has implications for the 

author when developing 3-D CGI of the inner body.  The evidence from Helman and 

Kleinmann suggests patients do not see ‘body as machine’ and instead relate illness to an 

alternative set of values. The 3-D CGI artist, when developing a visual aesthetic to facilitate 

communication, must acknowledge these differences. The visual language used by the artist 

should not merely recognise the dominant paradigm, in this case the doctor’s view of disease.  

 

The traditional biomedical approach to medical illustration serving science compounds the 

view of body as machine.  The author as a 3-D CGI artist suggests an alternative approach. 

He argues that this should encompass patient views in order to bridge the gap between these 

differing views of illness and disease. 

 

The doctor is often from a different  ‘social class, ethnicity, age or gender’ (Helman, 2001) 

when compared to the patient. This can result in the clinical professional assuming a superior 

position. On top of this, doctors hold all the medical knowledge on a specific disease or 

diagnosis, in sharp contrast to the patient who may have little or no medical insight. This 

disparity in knowledge and power will vary across different patient groups and disease areas. 

However, based on Helman’s published work, patients tend to enter into the doctor-patient 

interaction at a disadvantage. As an artist and researcher exploring the visualisation of illness 

and disease, these ‘aetiologies’ of illness could stimulate or inform the 3-D visualisation of 

the body.  

 

 
Mary Dixon-Woods’ paper ‘Writing Wrongs? An analysis of discourse about the use of 

patient information leaflets’ (Dixon-Woods, 2001) explores this notion of inequality in 

disease understanding. Dixon-Woods describes two different discourses in patient printed 
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information: ‘patient education’ and ‘patient empowerment’. Dixon-Wood describes ‘patient 

education’ as being the dominant approach, driven from the professional agenda of medicine. 

It presents ‘…a mechanistic model of communication in which patients are characterised as 

passive and open to manipulation in the interests of biomedical agenda…’ (Dixon-Woods, 

2001 p.1417). The ‘empowerment’ model is thus the opposite approach, where the discourse 

‘draws on a political agenda of patient empowerment, and reflects this in its choice of 

outcomes of interest, its concern with the use of leaflets as a means of democratisation, and 

orientation towards patients’ (Dixon-Woods, 2001 p.1417).  

 

The differing models of ‘education’ and ‘empowerment’ of patients is significant, as it 

reflects the way in which doctors and patients see illness and disease. The patient education 

model matches many of the doctor’s reductive views of the body as well as reinforcing the 

imbalance of power. The empowerment model readdresses this balance, providing a discourse 

that accounts for the ‘aetiology of ill-health’ as recounted in ‘Culture, Health and Illness’ 

(Helman, 2001).79  

 

Ultimately, these two discourse models have the potential to transcend purely printed text 

strategies and could inform new tools for improving patient understanding at consultation and 

beyond. Dixon-Woods concludes that discourse should be brought together, with identified 

overlaps utilised in information giving strategies. Dixon-Woods’ analysis provides an insight 

into the potential framework for any future visual discourse developed by the author, with 

more emphasis on patient empowerment as opposed to patient education.  

 

3.6. Collaborative Patient study  
 

The literature cited would suggest a potential opportunity for improved information giving 

strategies to aid patient understanding of basic anatomy and disease. However, the work of 

                                                 
79 Cecil Helman – Professor of Medical Anthropology, Brunel University, London  
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Mishler also clearly implies that the provision of another prop that reinforces ‘the voice of 

medicine’ fragments and limits interaction between clinicians and patients. While the DVD 

prototype communicates both disease process and human anatomy, potentially tackling issues 

of information giving and recall, it also applies a narrative that falls foul of Mishler’s ‘voice 

of medicine’.  

 

In 2006, the author embarked on a small joint study with Professor Rosemary Chesson of the 

Health Service Research Group80 (HSRG), The Robert Gordon University, Aberdeen. The 

purpose of this work was to gain patient feedback on 3-D CGI visualisations of the disease 

condition renal artery stenosis. The study interviewed81 eighteen out-patients82 (eleven 

women and seven men) with an average age of 71 years, attending clinics at the Department 

of Radiology, Ninewells Hospital, Dundee83. It was anticipated that through the patient 

interviews, the author might gain user group feedback on the biomedical 3-D computer 

visualisation of MRI data. In addition to the DVD, patients were shown other visual artefacts 

used traditionally in the communication of disease. These included 2-D MRI data of the 

kidneys, plastic anatomical models and 2-D renderings produced by the author (see Appendix 

A 8.4.1, 8.4.2 & 8.4.3).  

 

The patients were not interviewed by the author on account of NHS Tayside’s ethics 

requirements84. The interviews were performed by Catherine Westwood85 of the HSRG. The 

interviews were transcribed by the HSRG group and analysed by Professor Chesson, using 
                                                 

80 The Health Serves Research Group (HSRG) is led by Professor Rosemary Chesson. This academic 
research grouping has considerable experience in similar studies therefore assisted in the ethics 
submission, delivery and study analysis.  
 
81  The patient ‘interview schedule’ with can be reviewed in Appendix A 8.5.4 
 
82 The patient ‘Invitation letters’ and ‘Information sheet’ can be reviewed in Appendix A 8.5.2 and 8.5.3 
 
83  The study proposal can be reviewed in Appendix A 8.5.1 
 
84 In order to embark on the interviews with patients, the author required approval from NHS Tayside’s 
Ethics Committee. In the case of this collaborative study, the ethics submission took 6 months to compile 
and submit. Ethics approval was gained on 25th November 2005. 
 
85 Catherine Westwood – A member of HSRG at the Robert Gordon University, Aberdeen. 
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Miles and Huberman’s (Miles and Huberman, 1994) qualitative textual analysis framework. 

This patient study was not intended for comparison to the qualitative Integrity study (covered 

in chapters 5 & 6). It was seen as an opportunity for additional data to be gathered that could 

suggest a possible future direction for the application of the author’s research.  

 

3.7. Patient Study - findings 
 
 

Following the conclusion of the study by the HSRG group, a copy of the thematic findings 

from the transcripts was given to the author. The transcript data86 provides valuable feedback 

from patients on the 3-D CGI content. Appendix A 8.6.1 contains a results summary table and 

the Appendix B CD-ROM holds a copy of the themed responses received. In short, the 

themes of greatest interest to the author concern the value of the visual material presented; the 

ability of patients to respond to the 3-D CGI information over other visual formats and 

patients’ appetite for greater interactivity with the 3-D CGI presented. Table 3-1 provides 

extracts from the transcript data. 

 

 Patient Quote - value of the visual material presented 
 ‘I think for me just looking at it gives you a better information than somebody sitting 

telling you that they are going to this and going to that, well you are seeing what could 
be happening.’ Participant 1A 

 ‘Without that and you are trying to take it in, but you are not taking it in but if you are 
watching it, you are taking it in better …’ Participant 1A 

 Patient Quote - ability to respond to the 3-D CGI format 
 ‘…it is like you are looking at a human being, a real person because you have got the 

shape, you have got the colour, you have got everything. This is darker and it is 
showing you where it is sitting and what it is doing and how it functions, so it looks so 
real, when you are looking at that and it stands out a mile and you look at that you 
know.’ Participant 13M 

 ‘It is helping because I’m saying to myself now it is explaining the blood getting 
through and the narrow…’ Participant 1A 

 ‘Well I would say that the two-dimensional is not as effective in showing the effect as 
the 3D.  The 3D gives you a better idea where and how if functions.’ Participant 9I 

 Patient Quote - appetite for greater interactivity 

                                                 
86  The interpreted transcript data by Professor Rosemary Chesson can be reviewed in Appendix B CD-
ROM, themed patient extracts document. This data has been clustered into significant themes based on 
patient’s reactions. 
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 ‘Well it is a bit difficult, I mean you have got it on the screen, that is my body and if I 
was to get that bit there cut out it would join up again and it would be fine, now they 
could do it on the screen as if they are having a wee mini operation, I know what 
computers can do… they could just as if it is happening at the time and then you 
yourself could see what the results would be.’ Participant 10J 

 ‘Because looking at the picture it is not me and of it were me I would be more 
interested and say, oh, what is the matter, see what I mean.’ Participant 11 

 
Table 3-1 – Sample A of patient quotes, John McGhee, 2006  

 

While the feedback to the DVD sequence was in general positive, a number of important 

points were also confirmed for the author and the medical team at Ninewells Hospital. These 

concern the practical limitations of disseminating disease understanding in this way.  

 

For example, many of the patients interviewed advised that while they did not object to the 3-

D CGI, they would not wish this to substitute the interaction with the health professional. One 

patient also commented on the fact that the DVD sequence, while helpful, was unable to 

answer the questions that he had in relation to the intervention that was proposed, suggesting 

application in improved disease understanding, but less so in terms of disease process.  

 

Overall, interviewees seemed to be looking for more engaging interaction with the health 

professional. For instance, some of the participants felt the 3-D CGI was useful as a tool to 

facilitate conversation with the health professional. This is demonstrated in transcript extracts 

from Participants 16 and 11 in Table 3-2: 

 

 Patient Quote - Facilitating doctor interaction 
  ‘On the computer, 3D visual like you have shown me on the screen...no I think better 

the 3D providing it is my own...Speaking to somebody as well, somebody working the 
computer for me because I can’t do that’ Participant 16 

 ‘I would rather have the doctor telling me.’ Participant 11 
Doctor, okay, doctor and still looking at it on the screen? Interviewer 
‘Looking at it on the screen, yeh.’ Participant 11 
So that would be the same one as before. Interviewer 

 Patient Quote – addition of 3D CGI to existing information giving formats 
 ‘Well a couple of these but not necessarily in this order, first of all I would like to go 

and see a professional, like my GP… and if the GP said to me, I can show you a 
sequence if the treatment that we are proposing to give you then I would say ‘fine’. 
Participant 8  
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 ‘I think the word, doctors first of all and then the written and then seeing it.’ 
Participant 15 

 ‘… certainly gives me an idea of the location and the possible problems that could 
occur, like the narrowing of that artery, it doesn’t answer questions that I would ask 
say the doctor… you have no medical knowledge to answer the questions I would like to 
ask.’ Participant 9I 

 Table 3-2 – Sample B of patient quotes, John McGhee, 2006 
 
 

These sample responses suggest that the DVD narrative provided the patient with background 

information but that they were still keen to discuss the information with the doctor.   

 

Another theme emerging from the transcripts was the personalising of disease imagery. When 

asked directly, some felt the imagery would have more meaning if it were their actual MRI 

data. This is illustrated in the extracts from participants 12 and 8 in Table 3-3. 

 

 Patient Quote – Personalising of data 
 ‘I think they are fairly self explanatory but it is one of those things that you are more 

concerned with how your own is performing than’ Participant 12 
 ‘Would you be comfortable to look at your own 3D images if they were able to put them 

on a screen’ Interviewer 
Absolutely, yes I would be interested in what was happening to me.’ Participant 8 

Table 3-3 - Sample C of patient quotes, John McGhee, 2006 
 

Summary 

 

The patient DVD incorporates the narrative of the biomedical animation and, to a lesser 

extent, the biomedical documentary (as discussed in chapter 2). While this work has value as 

a didactic tool, it applies a model of communication in the discourse of the ‘voice of 

medicine’. The objective of the practice phase of the research is to challenge established 

conventions. While this phase proves the artist’s aesthetic can inform more didactic works, it 

has not extended the boundaries of interpretation and the author’s practice. 

 

The philosophy of the author is to create work that challenges the way we see the inner body. 

Michel Foucault describes in his book ‘The Birth of clinic’ how ‘spatializing’ (Foucault, 
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1989) our inner bodies through the ‘anatomical atlas’ is only one method to describe the 

human anatomy. Foucault goes on to say that in all likelihood, the anatomical atlas is not the 

first and will not be the last way to ‘spatialize’ disease. This quote from Foucault, and the 

early exploratory work of the author described in this chapter, suggests that there is a much 

larger question to be answered that belongs to future research work.  

 

3.8. Conclusion  
 
 
Clinicians have a series of aids or props that can be used to augment the communication of 

disease diagnosis. These include text-based leaflets, doctor’s drawings, anatomical plastic 

models, clinical scans (MRI, CT, Ultrasound or X-rays) or 3-D diagnostic imagery. From the 

observational work carried out at Ninewells Hospital and the limited available literature in 

this field, the author argues that these props are insufficient for a clear understanding among 

lay patients of their disease and inner body.  

 

These insufficiencies are the result of a combination of factors. Firstly, lay oriented text-based 

leaflets are unable to convey the complexity of the human body and of disease in isolation. 

The information they convey is limited to the space available on the page. This view is 

supported by the fact that doctors appear to supplement this information with picture-based 

drawings of their own. The use of the ultrasound scan, and, anecdotally, the MRI scan, as 

further visual props compounds this position. 

 

Secondly, the anatomical models used in teaching and to supplement the communication of 

disease to patients provide a basic and static impression of how the body functions. This is 

not the same as communicating disease. MRI and 3-D diagnostic imagery go some way in 

bridging this gap. However, they display a medical and technical vision of the body that can 

only be deciphered by highly trained medical practitioners (radiologists). This provides a 

fertile ground for the development of a new visual approach to information giving. 
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The variety of audio visual studies cited (Bader and Strickman-stein, 2003), (Stoop et al., 

2004),  (Leiner et al., 2004) suggest that patients are receptive to the communication of 

complex disease information through animated or digital means. This provides some 

preliminary evidence to support the author’s proposed real-world application of 3-D CGI in 

patient understanding of disease. 

 

The diagram in Fig.37 represents graphically how the props cited currently combine in the 

interaction space between patient and doctor. As highlighted in this chapter, this creates an 

imbalance between the patient and doctor whereby the props are used to communicate the 

reductive view of disease. The patient is in a weak position, with little empowerment or 

dialogue, resulting in the props driving the medical agenda. This leads to ‘fragmentation’ and 

‘disruption’ in doctor-patient interaction, as described by Mishler: 

 

 

Fig.37 - The current interaction space, John McGhee, 2007 

 
 
The diagram shown in Fig.38 communicates how the author sees his intervention redressing 

this imbalance. By placing a new type of 3-D CGI artefact inside the interaction space, a 

dialogue might be stimulated rather than medical dictation. The creation of this artefact may 
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also relegate the established props into a secondary role. This is not to say these established 

props would be replaced, but that they would be used in a more blended approach to 

interaction. 

 

Fig.38 – The intervention of the 3-D CGI artist, John McGhee 
 

 

While the didactic works (patient DVD and CT 3-D CGI works) resulted in imagery that 

could contribute to improving clinical communication, they have raised two significant issues 

in the mind of the author. In the first instance, the patient DVD is presented in the ‘voice of 

medicine’ and could result in what Mishler terms as ‘the unremarkable interview’. The patient 

DVD combines voice-over with imagery that reinforces the medical professional’s view of 

the body and disease (in this case where the kidneys are situated in the body and the disease 

process of renal artery stenosis). This model of work creation allows little space for dialogue 

and interaction, resulting in merely another prop to compound the medical voice.  

 

The second issue concerns the author’s position in this creation of patient focused work. The 

author, by the construction of these didactic animations, is relegated to the service of science, 

creating narrative that conforms to prescribed medical articulation of anatomy and disease. 
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This type of communication between clinicians and artists results in a thin bandwidth of 

works that does not tackle the potential for an alternative aesthetic or narrative. The author 

would argue that creation of a much broader approach to visualisation of clinical data could 

result in more meaningful interaction between clinicians and patients. 

 

The literature suggests that pictorial strategies for improved patient communication have been 

more successful than any text equivalent (Houts et al., 2006). It is implied that imagery can 

engage patients and improve their understanding of disease, recall and adherence. This too 

presents a potential opportunity for visual-based strategies in communication of disease. 

However, while Houts et al. highlight the benefits of pictorial strategies in patient doctor 

communication, this is limited by what Mishler terms as the ‘medical voice’. In this way, 

artistic intervention is seen as a tool for persuasion, supporting a one-way communication 

channel. It is not seen as an artefact for dialogue in its own right. Using the ‘medical voice’ as 

a means of visually communicating would not sufficiently acknowledge patients’ views on 

illness. 

 

This material would suggest that image-based strategies can be successful in the 

communication of disease which reinforces the case for the use of 3-D CGI. However, it 

should not be applied as a persuasive tool used to strengthen the doctor’s position. It should 

be used in the pursuit of a more equal interaction in clinical consultation with patients. 

 

The work of Helman (Helman, 2001) and the Mishler (Mishler, 1984) suggest that doctors 

and patients hold differing views on illness and disease. Medical doctors’ perspectives on 

disease process are predominantly reductive. As Mishler describes, the ‘voice of medicine’ 

results in the ‘unremarkable interview’ whereby the doctor is in control and holds a position 

of power during the consultation. The patient’s view of illness (described as aetiologies) 

differs, with patients seeing illness causation relating to the individual, natural, social and 



 

 

97

supernatural worlds. These alternative approaches lead to a ‘struggle’ and the breakdown of 

dialogue between the patient and the doctor.  

 

The lessons for the 3-D CGI artist exploring new means of improving communication 

concern the narrative and visual approach. The author argues that the 3-D CGI artist should 

not reinforce the ‘voice of medicine’ if the intention is to improve patient interaction. The 

visual approach should utilise patient views on illness in interaction with health professionals. 

The application of a practice-led approach to creating visualisations of clinical data can 

address the limitations of current doctor-patient interactions.  

 

Based on Mishler and Helman’s work, the author argues that the 3-D CGI artist should not act 

as a conduit for science, but rather account for the a body aesthetic beyond the didactic when 

interpreting and visualising the body. By creating 3-D CGI that does not compound the ‘voice 

of medicine’ but provides a representation of illness, dialogue may be stimulated. The goal of 

creating work to redress the balance of power in interaction between health professionals and 

patients should concern the provision of emotional insight, rather than purely medical 

education. 

 

Finally, the creation of the 3-D CT peripheral angiogram flythrough animation (Fig.32) and 

the subsequent patient DVD, demonstrates the potential application of the author’s work in a 

real-world communication context. The study carried out in collaboration with HSRG at 

Robert Gordon University highlights, through the patient responses, that the lay viewer could 

benefit from 3-D CGI visualisation and animation over more traditional communication 

mediums such as anatomical models, 2-D images and verbal explanation. The study also 

raises a diversity of issues and themes that move beyond the remit of this doctoral work. 

These warrant a separate doctoral thesis in there own right. The patient study nonetheless 

brings valuable insight to this thesis, suggesting further scope for future research.  
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4. Evolution of the Practice 
 

4.1. Introduction 
 
 
‘The aim of art is to represent not the outward appearance of things, but their inward 
significance.’ Aristotle 
 

The contextual review gives context to the research questions and suggests gaps in 

knowledge. In this chapter, I87 describe the creation of a series of 3-D CGI artefacts that forge 

an alternative pathway, one that challenges the ‘voice of medicine’ and established means for 

visualising the body. It is suggested by using a practice-led approach a new visual aesthetic 

might emerge.  

 

My practice combines and blends interpretative techniques in 3-D CGI with MRI clinical 

data. In doing so, I expose my practice and reflect on the making process. Through the 

practice, a series of 3-D CGI static and animated visualisations are created that provide 

‘alternative ways of seeing’ the inner body. 

 

As specified in the preface, my practice and medium of choice is 3-D CGI. Within this field, I 

could be described as a ‘generalist’ but with specialist attributes. This term refers to an 

individual artist with general experience and understanding of most of the major tools within 

3-D CGI (rather than a specialist). These techniques include modelling, texturing, lighting, 

rendering, dynamics and animation. These craft skills are combined in the pursuit of narrative 

and storytelling through screen-based works. In this case, visual practice is applied as a 

research method to explore the visualisation of MRI data. 

 

                                                 
87 Due to the personal reflection in this chapter, a first person narrative is applied whereby use of the possessives 
‘I’, ‘me’ and ‘my’ are deemed to be the most appropriate means of reflecting on the work.  

 



 

 

99

My practice is not limited to the output of screen-based imagery. It includes the application of 

problem solving skills and the tacit knowledge gained whilst I training as an industrial 

designer and worked with clients in the new media industry. The practice is also influenced 

by the insight gained during the residency in the Department of Clinical Radiology88, 

Ninewells Hospital & Medical School, NHS Tayside, Dundee. This experience was pivotal, 

allowing me to interact with clinical staff and work in the clinical environment. 

 
 
This chapter reflects on my method of visualising anatomy and disease process through the 

medium of 3-D CGI. I highlight my practice-led approach and the themes that influence the 

development of the visual material. I use the visual practice as a means of challenging 

established pathways to generate new aesthetic approaches. In the application of my own tacit 

knowledge, I mix interpretative content with medical data to generate a series of 3-D CGI 

artefacts. 

 

In order to gain insight and understanding of the significance of my pathway, reflexivity is 

used as a method of reflection.  My method of addressing the field of disease visualisation is 

‘practice-based’. This ‘practice-based’ approach provides me with the means of creating and 

reflecting on 3-D CGI from an ‘insider’s’ perspective. The notion of reflection on practice by 

the practitioner is argued in the work of Donald Schön, who coined the term ‘practitioner-as-

researcher’, or more generally referred to as the ‘Reflective Practitioner’ (Schön, 1983). This 

reflection upon tacit knowledge embedded in the process of carrying out a professional 

practice is a pivotal point put forward by Schön89 and is critical to this doctoral thesis.  

                                                 
88  Clinical Radiology is an operational department within most NHS UK hospitals, carrying X-ray, CT, MRI and 
Ultrasound scans on both ‘in-patients’ and ‘out-patients’.  
 
89 Schön argues the weakness of traditional models of research is that they are carried out from afar by individuals 
such as theorists or social scientists. Schön puts forward an approach based on ‘reflection-on-action’ by the 
professional rather than an external scholar. It also provides a mechanism of ‘…reflective conversation with the 
materials of a situation…’ SCHÖN, D. A. (1983) The Reflective Practitioner: How Professionals Think in Action, 
Avebury. 
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Further examples of the importance of tacit knowledge are seen in the work of Polanyi90, 

Rust91 and Robson92. 

 

This ‘practitioner-as-researcher’ provides what Carol Gray calls ‘insider knowledge’ (Gray 

and Malins, 2004 p.23), as opposed to an ‘external’ perspective on visual practice. In 

reflecting on his own ‘insider knowledge’ I can justify my approach to the visualisation of 

disease through 3-D CGI.  

 

Based on this notion of ‘reflexivity’ I undertook this practice-led research in disease 

visualisation through the constant evolution of 3-D CGI works. Initially the chapter discusses 

my immersion in the clinical context and describes the residency at Ninewells Hospital and 

Medical School, NHS Tayside, Dundee. This area of discussion focuses on the technical 

integration and the creation of new works that provide engaging visualisation of clinical data. 

The 3-D CGI works demonstrate a merging of both scientific data and arts-based 

interpretation to establish an alternative mediation of the inner body and disease.  

 

The aim of this chapter is to reflect on the making process and identify the significance of my 

exposition of tacit knowledge and interpretative pathway. It does not impart a technical recipe 

of how to create 3-D visualisation of the inner human body, but highlights the evolution of 

my practice-led approach. I argue that the interpretive 3-D CGI, combined with clinical MRI 

data, can present a new aesthetic with benefits outside clinical imaging. 

                                                 
90 Michael Polanyi also makes reference to ‘Personal Knowledge’ POLANYI, M. (1958) Personal Knowledge: 
Toward a Post-Critical Philosophy, London Routledge. Where tacit knowledge is recognised as a contribution to 
understanding. Polanyi talks of leaps of knowledge, he says: ‘Illumination…is the plunge by which we gain a 
foothold in another shore of reality. On such plunges the scientist has to stake, bit by bit, his entire professional 
life’ POLANYI, M. (1958) Personal Knowledge: Toward a Post-Critical Philosophy, London Routledge. 
 
91 Professor Christ Rust at Sheffield Hallam UK in his paper ‘Design Enquiry: Tacit knowledge and invention in 
Science’ describes ‘illumination’ as a tacit process and event that cannot be explained by ‘explicit reason’ but still 
has relevance to knowledge. This adeptly describes the process of arts practice where by making a leap of 
‘illumination’ can occur. RUST, C. (2004) Design Enquiry: Tacit Knowledge and Invention in Science. Design 
Issues. 
 
92 Robson also defines practice-based research as ‘…someone who holds down a job in some particular area and 
at the same time carries out…inquiry which is of relevance to the job.’ ROBSON, C. (1993) Real World Research, 
Blackwell. 
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I argue that my own personal practice and tacit knowledge has a place in computer-based 

visualisation of disease. In each phase, I identify my own working process, influences and 

inspirations, in the creation of the 3-D CGI. The purpose of this reflection is to afford a 

transparency to the making process. 

 

The evolution of the practice-led approach consists of a series of thematic works. In the 

beginning, I explore the notion of ‘order among chaos’ as the works attempt to make sense of 

the complexity of the MRI data. This is primarily achieved through the wire-frame model, 

which starts to open up alternative approaches for ‘seeing’ the data. Following on from the 

early works that look at natural form, my work evolves to explore spatial perspectives of the 

aorta. This introduces more cinematic references and ultimately leads to the introduction of 

animated sequences. These hybrid animated works allow multiple reference inputs, where I 

mediate different sources of information in the pursuit of a time-based visualisation of blood 

flow. 

 

The practice further evolves with a focus on lighting and the isolation of human kidney from 

the surrounding anatomy. This allows for calmness and reflection as viewer navigates the 

work. This notion of tranquillity draws from painters such as Vermeer, and his approach to 

clarity of light, tranquillity of space and the suggestion of tension in the subject matter. I 

apply 3-D CGI techniques such as sub-surface-scatter and soft shadowing to achieve a similar 

aesthetic. 

 

The final set of works looks at the vertebral arteries, drawing synergies with the natural 

world. In the animated ‘Tortuosity’ and the group of supplementary images presented, I 

expose the sculptural qualities of the arteries. This is where the evolution of my practice 

ceases within the scope of the doctoral thesis, and where a validation of the approach begins. 

 



 

 

102

Through the creation of a series of 3-D CGI artefacts, my visual practice results in a 

bandwidth of works that become distant from their clinical MRI origins. I argue that this 

method of practice, an evolving and immersive approach, results in a method for developing a 

more holistic inner body aesthetic. Taken together, the 3-D CGI artefacts across each of the 

aforementioned themes, sees the emergence of material that moves outside the ‘voice of 

medicine’.  

 

In the concluding part of this chapter, I reflect on my own aesthetic approach to data 

visualisation. Ultimately, I argue that by applying my own practice-led evolution of works, 

the emergence of a new aesthetic creates dialogue with viewer. This aesthetic is not 

represented in one 3-D CGI artefact, but is visualised across the bandwidth of interpretation. 

 

4.2. Immersion in Clinical Radiology  
 

This doctoral research is a collaboration between myself and the department of Clinical 

Radiology, Ninewells Hospital & Medical School, NHS Tayside, Dundee. The evolution of 

the practice is the direct result of a two-year residency at Ninewells Hospital, Dundee. This 

extended period of immersion in the clinical environment started in March 2004, whereby I 

was based at Ninewells Hospital for the duration of the project. My office space was located 

next to the MRI scanning area within the Clinical Radiology Department.  

 

This immersion period was intentionally sought outside a traditional 3-D CGI studio. As an 

honorary member of the staff team, I was exposed to the day-to-day operation of the clinical 

department (see Fig.39) the goal being to have full access to the clinical staff, their expertise 

and the MRI data93. This enabled me to focus solely on the development of the practice, and 

to gain an insiders’ perspective on the technology and practicalities of medical scanning.  

                                                 
93 Access to the hospital required approval by NHS Tayside and the author received ‘honorary’ status within the 
hospital Trust to work in an NHS environment and access patient data. The decision to base the artist-researcher in 
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Fig.39- Clinical Radiology Ninewells, John McGhee, 2004 
 
The process of immersion was also used to gain a better understanding of the problems and 

opportunities for 3-D CGI visualisation in medical imaging. This resulted in all of the creative 

3-D CGI work discussed in this chapter being produced during this time. A number of 

motivational factors influenced this evolution of my practice. These can be summarised 

within three key areas: 

 

1. First-hand experience - This period of interaction allowed me as a 3-D CGI artist, to 

spend extended periods of time with health professionals at all levels, observing working 

practises and confirming the limitations of current diagnostic medical imaging modalities. 

This first hand experience of life in the clinical environment was very influential. Without 

this opportunity to observe the knowledge gained and imparted in the clinical field, the 

production of 3-D CGI visualisations would be much more restricted.  

 

2. Technical integration of data - A significant part of this immersion time was spent with 

the MRI team in Radiology, enabling me to examine the data files generated by the clinical 

                                                                                                                                            
Ninewells Department of Clinical Radiology was also related to ethical requirements for patient confidentiality 
and data storage (as specified by NHS Tayside).  While the 3-D visualisation could be displayed in the public 
domain for the purposes of research, the actual raw MRI data files had to be manipulated and accessed in a secure 
PC within Ninewells hospital. This also included the supervision and access to clinical data while under the 
guidance of Dr. Graeme Houston. 
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scanners (DICOM data). This exposure to clinical equipment and patient scan data allowed a 

working pipeline94 to be established and therefore the construction of the subsequent 3-D CGI 

visualisations and animations. 

 

3. Creation of new visual work – The primary goal was to create new imagery and 

animation works during the residency at Ninewells Hospital.  As indicated in the previous 

chapter, the goal of this working practice was not to compound the ‘voice of medicine’ 

(Mishler, 1984) but to represent disease and the inner body in an alternative visual language.  

 

Overall, the Residency made possible the practice-led approach. With the clinical supervisor, 

Dr. Graeme Houston, I instigated this residency as a means of pushing the practice beyond 

the bounds of the traditional interaction space between the 3-D CGI artist based in the studio 

and the medical practitioner. 

 

4.3. Establishing The Pipeline  
 

The act of creating 3-D computer visualisations and animations based on medical scan data 

requires a significant amount of technical experimentation prior to any creative intervention. 

The intention was to use the MRI data as a starting point for future interpretation, augmenting 

it as a means for widening access to the lay viewer. I was presented with significant technical 

challenges, as the MRI data is stored on clinical hardware in a file format that is proprietary 

(DICOM)95. In this case, the DICOM medical file format stores cross-sectional 2-dimensional 

data along with detailed informatics on the patients’ name, age and scanner name and type, 

amongst other details.  

                                                 
94 This ‘pipeline’ was informed by exploratory research work completed by the author during the MSc 
programme prior to the doctoral thesis. An MSc in Animation and Visualisation was completed in 2003 by 
the doctoral author. The subject of this postgraduate work was an exploration of artisan methods of MRI 
visualisation. 

 
95 Proprietary – A word used to describe software and hardware locked to a particular manufacturer 
equipment. 
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The goal was to link the data from the MRI scans with the animation software Maya. 

Exporting the scientific data into a 3-D CGI software package allowed the augmentation of 

the data. During the early experimentation phase, two techniques were explored; the first was 

Volume 3-D reconstruction and the second was ‘Marching Cubes’ .  Commonly used in 

medical visualisation, both post-processing methods were tested.  

 

Volume 3-D reconstruction is the most dominant technique for 3-D reconstruction in 

medicine. This volume reconstruction technique uses Pixels96 and Voxels97 extracted from 2-

D image slice data in order to create a visual 3-dimensional on screen representation of the 

data. This is a relatively quick and less Central Processing Unit (CPU) intensive approach 

than the ‘Marching Cubes’ algorithm. However, the use of Pixels and Voxels currently limits 

the number of attributes that can be added by the digital artist. Ultimately, this leaves less 

scope for detailed animation work and I decided not to explore this any further during the 

doctoral research. 

 

The second option for 3-D reconstruction is mesh-based geometry based on the ‘Marching 

Cubes’ algorithm (Lorensen and Cline, 1987). Built from 2-D scan slices, this software 

algorithm generates surface patches, which then build up a mesh, thereby forming the 3-D 

shape of an object. This process is much more complex, requiring more computational 

resources to construct the mesh. However, as PCs get ever more powerful and affordable, this 

polygon reconstruction has several compelling advantages, with flexibility being the 

strongest, as the surface geometry allows subsequent export to other applications.  

 

Overall, the ‘Marching Cubes’ algorithm was identified as the most appropriate means to 

realise the 3-D reconstruction process. After advice from the medical staff, it was suggested 

                                                 
96  Pixel – The smallest unit of used to construct a digital image. 
 
97  Voxel – A 3-D pixel used to represent a volume on screen 
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that MIMICS98 software be applied and after continued experimentation, I established a 3-D 

pipeline to make the MRI scan geometry accessible in Maya. The diagram in Fig.40 

highlights each stage of the pipeline: 

 

 

Fig.40 - Pipeline of data exporting, John McGhee 2004 
 

 

In Stage 1, the raw MRI data is exported from the MRI scanner in 2-D cross-sectional images 

contained within a DICOM99 file. Stage 2 involves the image data being imported into 

reconstruction software MIMICS. Through a process known as thresholding and 

segmentation a surface geometry is generated. The image in Fig.41 shows a masking colour 

being used in MIMICS to differentiate the aorta and kidneys against the rest of the 

background noise. This screen shot captures an imported dataset that has been thresholded 

and segmented, using a green mask.  

 

                                                 
98 MIMICS Software - software package that facilitates the thresholding, segmentation and 3-D meshing 
required for making MRI or CT into 3-D geometry. MIMICS MATERIALISE (2005) MIMICS 
<http://www.materialise.com/mimics/main_ENG.html> [Accessed on 21/06/05]., made by the Belgium 
company ‘Materialise’, specialises in rapid prototyping techniques.  

 
99 DICOM – A file image format widely used in medical imaging. 
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Fig.41 – Segmentation and the Thresholding in MIMICS, John McGhee, 2004 
 

Once the thresholding and segmentation is complete, MIMICS can then calculate the 3-D 

object from the MRI data. This results in a 3-D STL100 (Stage 3) file that can be imported into 

Maya. Once in Maya, attributes such as colour, texture, lighting and animation can be added. 

This process does not simply pass data between software packages, but requires skill in 

segmenting the data.  

 

Through experimentation and practice, I fine-tuned the separation of data, completing another 

step in the practice-led approach. Being able to export the MRI data and bridge the gap 

between scientific instrumentation and artisan software was an important first step in the 

visualisation process. This exporting and bridging of data was not based on any previous 

                                                 
100 STL – Stereo Lithography file, a digital data format used for rapid prototyping. 
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pathway but solely on my own trial and error experimentation during the immersion period101. 

This foundation stage of the pathway to visualising clinical data was critical, supplying the 

digital model on which to add interpretation and narrative. This first stage of refining the 

pipeline demonstrates a new pathway for accessing clinical data and importing the outputs 

into Maya, and provides a practical reproducible working model for other artists to use and 

apply. 

 

4.4. Wireframe models 
 

With the pipeline established, I started to work with the first piece of MRI data. The data was 

a series of MRI cross-sectional images taken from a patient’s renal arteries102. These images 

are acquired through an MRI process known as ‘renal angiography’ whereby the patient is 

injected with a contrast agent and a series of scan sequences are acquired of the renal arteries, 

the kidneys and the aorta. These resulting images are illustrated overleaf: 

 
 

                                                 
101 While the processes were consolidated and refined within this doctoral research, the structure of the 
pipeline was established on MSc work completed by the author at University of Dundee in 2003.  
 
102 Renal arteries – the blood vessels that feed blood from the aorta to each of the kidneys. 
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Fig.42- MRI sequence of data, Dr Graeme Houston, 2005 
 
 
The first output from the medical data (MRI) was a ‘wire-frame’ digital model. A ‘wire-

frame’ is the most basic representation of 3-D digital geometry available to the 3-D computer 

artist, designed as a means of early visualisation and manipulation of a computer model on-

screen. Once the data is extracted from the MRI, the artist is left with a 3-D model of the 

anatomy, containing none of the colour and lighting present within real life photographic 

situations. This provides a mechanism for interaction, displaying a digital model in real-

time103. An example of the reconstructed wire-frame model is illustrated in Fig.43. In these 

                                                 
 103 Real-time – A term used in computing to describe a system that allows graphic manipulation without 
any render lag time. 

 

 
Appendix B 

DVD 
(Video Clip) 

Chapter 4 
Section 4.4 

 



 

 

110

wire-frame renderings, I can tumble104 through, around and inside the 3-D mesh. This 

familiarisation process provided me with a means of exploring the complexity of the 

anatomical form as well as stimulating ideas for visual narrative and aesthetic. 

 

 

Fig.43- Wire-frame kidney, John McGhee, 2004 
 

The examples as illustrated in Fig.43 & Fig.44 demonstrate this tumbling and surveying 

process as I explore the geometry taken from a scan of the human kidneys.  These images are 

not meant as fully rendered final shots, but provide a digital sketchbook for exploring form 

and composition. The image files provided me with a window into the body, although not 

necessarily an understanding of the body. The data requires further visualisation and 

interpretation to facilitate understanding and insight.  

 

                                                 
104 Tumble – A term used in 3-D software packages to describe a term for moving around a 3-D object 
on screen. 
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Fig.44 – Wire-frame view down the aorta, John McGhee, 2004 
 

4.5. Natural form  
 
 

Having explored form and composition in the wire-frame model, I turned to the ‘search for 

pattern’ in natural form, as an added point of reference. Of note are the writings of 19th 

Century artist and naturalist Ernst Haeckel (1834-1914), in particular his illustrated book 

‘Artforms of Nature’ first printed in 1904 (Breidbach, 1998). Whilst rightly criticised for 

being engaged in ‘quasi-science’, Haeckel produced detailed illustrations of aquatic life that 

explored the relationship between form and evolution (Fig.45).  
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Fig.45 – ‘Artforms in Nature’ Ernst Haeckel (1834-1914) 
 

 

In his work, Haeckel searches for a particular truth embedded within natural forms to build on 

his understanding of evolution. While much of his science has been discredited, his 

illustrative works offer a form of representation that both communicates and interprets natural 

form.  In contrast to Gray’s Anatomy (Gray, 1916) it does not present a map of the natural 

world, but instead a degree of interpretative space to navigate through the beauty of the 

object. Haeckel’s ability to capture order amongst the chaotic and abstract forms of an 

organism is pertinent to this research.  
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In starting to consider bringing the wire-frame model to life, I was aware of Haeckel’s intent 

to strive for imagery that communicates the order amongst apparent chaos, and the structure 

inherit in the kidney’s natural form. This perspective on working with the MRI data is shared 

in a quote by Ann Thomas, from her book ‘Beauty of another order: Photography in Science’ 

(Thomas et al., 1997): 

 
‘Observing the world with rigour and curiosity is an act of both art and science. Artists 
scrutinize the world around them for its beauty, its contradictions, and its signs of human 
experience.’ (Thomas et al., 1997 p.76) 
 

In this quote, Thomas captures the essence of my approach to visualising this early scan data. 

I probed this complex data for ‘signs of human experience’, trying to navigate the often 

abstract nature of the clinical files. In terms of medical understanding, I gained assistance 

from the clinical team when trying to establish the nature of the disease and the kidney’s 

location in the body. However, differences soon became apparent in the way in which I ‘look’  

at clinical image data compared to the clinicians.  

 

Scientific understanding of imagery is based on a different type of ‘truth’ (as described by 

Thomas), one based on measurement and logical deduction driven by the ‘universal laws’ and 

by ‘physical principles’. Using the wire-frame conversion, my intention was not to facilitate 

didactic communication of the human vascular system, but to create a more holistic image 

aesthetic that communicates the beauty and natural form of the human kidney. This lead to 

the creation of my first interpretative 3-D CGI work, entitled ‘Medulla’. 

 

Development of ‘Medulla’  

 
This early surveying of the wire-frames drew me to identify areas of visual interest, in 

particular pattern and natural form. The ‘Medulla’105 was the first image of 3-D computer 

visualisations developed during this early experimental process. The 3-D wire-frame image in 

                                                 
105 Medulla – A word meaning internal structure. 
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Fig.46 was the starting point and represented a cast of the functional area within the human 

kidney, as collected by the MRI. 

 

 

 

Fig.46 - Wire-frame kidney in Maya, John McGhee, 2004 

 
 
In the final rendered 3-D visualisation, the inner structure of the kidney is exposed through 

transparency and composition (Fig.47). In this work, I have isolated the kidney from the rest 

of the geometry and rotated it to be viewed in a landscape format. Transparency has been 

added to allow the viewer to see the blood flow patterns inside the kidney tissues. The goal 

was to produce an image with a degree of sensibility, in an attempt to bring the viewer closer 

to the nature and beauty of inner kidney structure, and also as a means to penetrate the 

complexity of arterial disease. 
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Fig.47 – ‘Medulla’, John McGhee, 2004  
 

 

Fig.48 - ‘Medulla’- Visualisation 1, John McGhee, 2004 
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Fig.49 - ‘Medulla’ – Visualisation 2, John McGhee, 2004 
 

The images in Fig.48 and Fig.49 contain a visual harmony that captures the detail and 

complexity of the human kidney. The intention of this collection of initial works is not to 

inform the viewer of the mechanical processes involved in blood filtration, but to start to 

develop an aesthetic language for communication. This approach replicates that of a 

cinematographer’s function in filmmaking; I define and control the visual style and feel of the 

production shoot. 

 

Using CGI lighting, I have developed a visual quality that renders the image more like glass 

than soft organic tissue. The transparency of the Medulla 3-D CGI work in Fig.47 in 

particular provides a simulated optical effect that shows a structure within a structure. This 

aesthetic style translates the human kidney into a screen based digital artefact with an 

alternative approach to the ‘reductive’, avoiding the ’voice of medicine’. 
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Overall, the 3-D imagery is not how the actual human kidney looks if photographed, but 

rather a 3-D cast of where blood flow penetrates the renal artery and the kidney’s inner 

structure. In isolation, this visualisation of the kidney is redundant in a didactic context. It has 

no narrative or story attached, and so hangs in mid air as an arts-based artefact, revealing its 

inward significance, paralleling Aristotle’s description of art. 

 

4.6. Spatial Perspectives – Aorta 
 
 

In these new works, I reflect further on the same piece of vascular data, but also incorporate 

the blood vessels attached to the kidneys. These vessels are the renal arteries and the aorta. 

The purpose of the renal angiography is to identify restricted blood flow from the aorta to the 

kidneys through the renal arteries. The MRI scan captures this connected vascular system at 

one moment in time. 

 

Using the wire-frame model, I focus attention on the aorta and renal arteries, considering the 

visual aesthetic of this hidden inner structure. My reaction to accessing these particular 

datasets was one of exploration and perspective. I therefore experimented at length with the 

cinematic, pulling from external cultural influences to arrive at a visual aesthetic that exposes 

the spatial quality of the arts-based artefact. 

 

As with the ‘Medulla’ work, Fig.50 ‘Stenosis’ is a reconstruction of the aorta from the MRI 

data. I have added interpretive red blood cells passing through the vessel. Initially, the blood 

cells were added because the MRI only provides an impression of blood flow at any given 

point in time. It does not capture an impression of the individual blood cells moving through 

the vascular system, instead it highlights blood flow as a liquid cast, leaving an impression of 

the vessel’s structure.  
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In the right third of the image, a narrowing in the renal artery can be seen; this is delivering a 

limited blood supply to the kidneys. I am primary interested in the development of an 

aesthetic language that describes the body more holistically, as opposed to one that ‘serves 

science’. It is therefore important to acknowledge that the MRI data comes from a patient 

with arterial disease.  

 

 

Fig.50 – ‘Stenosis,’ John McGhee, 2005 
 

In ‘Stenosis’, I render the anatomy with a transparent shader and a highly reflective surface. 

The organs are placed outside any bodily context, and are viewed in a landscape format. In 

this work my interest is in communicating the visual quality of inner spatial exploration. It is 

an image that both communicates the functioning of the renal arteries and highlights to the 

viewer, through the use of transparency, the components of the vascular system.  
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In Fig.51 ‘Aorta Perspective’ these themes continue. This 3-D CGI work is in portrait and 

demonstrates another external view of the inner human body. It has a strong, almost 

exaggerated feeling of perspective, as the aorta disappears into the distance. This richness of 

colour, light and scale lends itself to the cinematic. This position is compounded by the use of 

the black background, which again gives a feeling of space exploration, drawing the viewer’s 

eye to the blood vessel.  

 

 

Fig.51 – ‘Aorta Perspective’ , John McGhee, 2005 
 

In terms of composition, the image layout presents a feeling of a larger space. It is the 

introduction of alternative camera angles that allows this sense of scale to be conveyed. At the 
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time of creating both of these images, I was aware that this use of scale allows the 

examination of detail that otherwise may not be seen. This examination of awe and beauty are 

not considered by the MRI medical gaze, which uses the data for diagnostic purposes only.  

 

Having considered the aorta from the outside looking in, I continued to explore the spatial 

qualities of the data, by engaging in an exploration of the interior of the blood vessels instead.  

A snapshot of this exploration can be seen in ‘Wireframe’ Fig.52. 

 

 

Fig.52 - ‘Wire-frame Aorta’ John McGhee, 2005 
 

By placing this digital camera inside the aorta, a cave-like interior starts to emerge from the 

data, as the model is rotated and digitally surveyed. This suggests a feeling of isolation within 

a very large passageway or tunnel that winds its way through the human body. Unlike the 

‘Medulla’ work, this stepping inside the aorta enabled me to explore yet another engaging 

structure, within an overarching complex form. By placing the viewer inside the structure, I 
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introduce a sense of audience participation, challenging the viewer to explore this vast space 

further.  

 

As before, digital lighting and illumination were added to the wire-frame model. An example 

of this can be seen in Fig.53 whereby soft lighting is applied to create a diffuse surface and 

reinforce this sense of isolation within the tunnel-like space. This is not reflective of reality as 

it shows a blood vessel with no blood inside. This is intentional, as I endeavour to examine 

this interior structure without the distraction of particulate blood flow. 

 

 

Fig.53 – ‘Aorta’, John McGhee, 2005   

 
 

Interestingly, work on the aorta commenced during the MSc, with an animated sequence of 3-

D CGI works that endeavoured to introduce movement to these vessel walls. However, this 

work did not possess the visual sophistication and cinematic language developed during the 
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doctoral work. The image below (Fig.54) is taken from this animated series. It uses basic 

textures, rather than the more sophisticated lighting techniques adopted in the later work. Nor 

does it have the same cinematic richness.  

 
 

 
Fig.54 - ‘Aorta animation’, John McGhee, 2005 

 

In Fig.50, Fig.51 and Fig.53 I attempt to generate an alternative spatial representation of the 

aorta and the renal arteries using MRI data.  These 3-D CGI images have been influenced by 

my own exposure to cinematic references. The two most obvious examples to cite are 

‘ Innerspace’ (Dante, 1987) and ‘Fantastic Voyage’ (Fleischer, 1966).  

 

In ‘Innerspace’ a variety of internal body spaces are encountered by Lieutenant Tuck 

Pendleton as he moves through the body. Many of the film’s sequences draw from the 

science-fiction genre, with tight camera angles inside the blood vessels. The visual style 

places the audience inside the blood vessel by sending the camera down arteries among the 
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red blood cells (Fig.55). The feeling is one of impending danger and a fight against time, as 

the oxygen supply runs out in the piloted craft.  

 

This Warner Brothers feature film won the Oscar for best Visual Effects in 1987. It predates 

much of the digital 3-D technology of today. The visual effects are built using physical 3-D 

constructed models. Large pieces of tubing, used with plastic corpuscles, simulate blood 

pumping through a blood vessel. The images of the blood vessels are dark and cave-like, with 

the cinematography presenting a feeling of impending danger.  

 

 

Fig.55 –‘Innerspace’ inside an artery - Warner Bros, 1987 

 
 
 
‘Innerspace’ draws much of its inspiration from the 1960’s film ‘Fantastic Voyage’ 

(Fleischer, 1966).‘Fantastic Voyage’ follows the adventures of a crew inside a miniaturised 

submarine injected into the body of a diplomat. The human body is presented as a fantastic 

and inspiring place but at the same time dangerous and potentially fatal. The visual narrative 

used in this film presents the body as a hostile environment. As seen in ‘Innerspace’, 

‘Fantastic Voyage’ also engenders this theme of the fight against time, whereby the crew of 

the submarine have to escape the body before re-enlargement. 
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Fig.56 – ‘Fantastic Voyage’, inside the ship - 20th Century Fox, 1966  
 

The blood flow sequences in ‘Fantastic Voyage’ (Fig.56) engage the viewer with psychedelic 

blobs of oil, representing the strange and alien cells within the body. This style of 

visualisation describes a foreign and mystical place that draws on deep-sea exploration.  

When the crew leave the confines of the submarine, they use scuba gear to swim towards a 

brain tumour in order to kill it. This reinforces the notion of the inner body as a deep and dark 

oceanic place.  

 

The narrative and visual language used in both of these feature films have laid the foundation 

for 3-D CGI screen-based renderings of the inner body. The cinematic attributes cited 

replicate many of the narrative styles used in biomedical television documentaries. The 

exploration of the unfamiliar landscape, the use of space travel and deep-sea metaphors, and 

the representation of the body as a hostile environment, all form part of this visual aesthetic. 

 

While undoubtedly drawing indirectly from these cultural references when creating these 3-D 

works (Fig.50, Fig.51 and Fig.53), I do not strive to replicate this portrayal of the body. This 

is because the complexity of the body’s internal structure is often overlooked or presented in 
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a negative manner in the ‘body in peril’  narrative. This does not fit with the desire to create a 

more holistic image aesthetic that communicates beauty and natural form. Nor does it give the 

viewer time to reflect on the detail of these inner structures.  

4.7. Hybrid approach  
 
 
In Fig.50, Fig.51 and Fig.53, I draw from cinematic references, incorporating my own 

interpretative style through a more personal reflection on the spatial and structural qualities of 

the inner body. The importance of reflection and observing the detail collected by the MRI 

scanner is critical to the success of this holistic approach.  With this in mind, I revisit the 

same piece of MRI data. However, the augmentation is moved to the next level, through the 

introduction of blood flow particles and the aesthetic of movement.   

 

The particles used in ‘Stenosis’ do not replicate the way in which blood moves through the 

arterial system. The movement of blood in the human body follows a cycle, one that bursts, 

twists and pumps through the arterial system of our vessels. The motion provides an aesthetic 

of movement absent from static MRI. These animated attributes were central in the 

development of a series of animations depicting blood flowing through the aorta. While the 

cinematic examples cited above provide some degree of influence, my objective was to focus 

on the essence of flow, rather than a factually correct rendering of blood flow.  
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Fig.57 – ‘Flow 1’ animated blood flow sequence, John McGhee, 2006  

 

My objective was not just the raw, unmediated impartment of medical fact, but the 

communication of the rich structure and texture of the complex cycle of blood flow as it 

moves through the vascular system. In doing so, the animated work entitled ‘Flow’ (Fig.57) 

was created. This reflects the rhythm of blood flow in context; the spatial attributes are 

present, as are aspects of the other earlier work, such as structure and form.  

 

In this animated sequence, we see blood flowing through the aorta from both the exterior 

(Fig.57) and the interior of the vessel (Fig.58). This sees the culmination of different spatial 

approaches in an animated sequence, rather than a static sequence. 
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Fig.58 - ‘Flow 2’ animated blood flow sequence, John McGhee, 2006 
 
 
The screenshots seen in Fig.57 and Fig.58 show the blood pumping through the transparent 

aorta and split at the femoral arteries. This has been cut together with shots of the interior of 

this vessel, as the camera moves along the aorta following the red blood cells. The 

construction of this work saw the introduction of what I term as the hybrid approach, whereby 

multiple reference sources such as drawings, video reference and my own personal 

interpretation are used to visualise the MRI data.  

 

The first input for the development of this hybrid, animated imagery of blood flow was the 

MRI data from the scanner at Ninewells Hospital. This data allowed the generation of a wire-

frame model of the aorta vessel and kidneys. The second input was a moving sequence taken 

by an MRI scanner of a human heart pumping blood through the aortic arch. The footage of 

this clinical data was used to inform my animation of the blood particles as they move 

through the vessel. The third input was the drawing by Dr Houston, which was used for 
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similar ends and provided me with a graphical representation of the heart cycle and therefore 

the pattern of blood flow. I was the fourth and final input, bringing my own vision to the data, 

based on interpretation of all of the above inputs. These four key inputs are summarised in 

Table 4-1.  

Input Summary Sample Image 

1. MRI data The MRI data used to generate a 
digital wire-frame of the aorta. 

 

MRI Scan of the Aorta – Dr Graeme Houston & 
Trudy McLeay, 2004 

2. MRI video 
heart footage 

The MRI slice data acquired over 
several seconds of a beating heart 
from a test subject at Perth Royal 
Infirmary in 2005.  
 

 

MRI animated cross-sectional slices, Dr Graeme 
Houston & Dr Steve Nicholas 2005. 

3. Drawings 
and verbal 
explanation 

Dr Graeme Houston generated a 
series of drawings to communicate 
rhythm and parameters of blood 
flow. These were supplemented by 
verbal explanation.  

 

Graph drawing of the heart cycle, Dr Graeme 
Houston 2005. 

4. Artist’s own 
vision of the 
data 

My own vision for the body space 
based on the cinematic reference 
material. Draws from pattern and 
fragility references. 

 

Final animated 3-D CGI render, John McGhee 
2006 

 
Table 4-1 - Summary of Input on ‘Flow Animation’, John McGhee 
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My role was to combine these four inputs, acting as mediator in the process of visualising 

disease. I collected these multiple reference points and scientific data, converting them into a 

single 3-D CGI artefact. The final animation is a hybrid of clinical knowledge and data, 

combined with my own vision of the body. This approach to the development of visual 

material challenges existing models of biomedical CGI offering the viewer a time-based 

experience of the data as opposed to static imagery. 

 

This time-based approach was achieved through the use of scripting and key framing dynamic 

effects, to generate the tumbling and pumping motion of the blood as it moves through the 

vessel. The still from the animated sequence in Fig.59 shows the wire-frame render from 

Maya of the blood movement. This was achieved after several weeks of experimentation and 

mediation of the reference material.  

 

 

Fig.59  - Blood flow wire-frame, John McGhee, 2006 
 

‘Flow lines’ 

 

The notion of distancing the viewer even more from the actual photographic reference saw 

the development of a further series of animations. These 3-D CGI works were intended to 

exclude light and visualise the data through lines. The MRI data and the hybrid approach was 

still the starting point, but instead of adhering to the style of the previous ‘Flow’  animations, I 

explored the use of line as a way of outlining the boundaries of the geometric form.  
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Resulting from this period of reflection was the 3-D computer animation entitled ‘Flow Lines’ 

shown in the screenshot Fig.60. ‘Flow Lines’ was completed using non-photorealistic 

rendering techniques. This particular animation allowed me to extend my visual language 

whilst simultaneously distancing the viewer from the harsh reality of the photographic 

approach.  

 

 
 

Fig.60 - ‘Flow Lines’, John McGhee, 2006 

 
 

I have used only three colours in the animation - red, white and black and none of the scan 

geometry is shaded. The animation uses outlines to define the shape and depicts blood 

flowing down the aorta. The aesthetic style and feel of ‘Flow Lines’ confers a diagrammatic 

quality to the body.  
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4.8. Lighting and isolation 
 

The inner human body is completely devoid of daylight; it is a space that functions in 

constant darkness, only ever illuminated by the non-visible spectrum of MRI and X-rays. As a 

continuation of the influence provided by the cinematic works cited, I focused on CGI 

lighting106 as a means of augmenting and interpreting the clinical data. In this section, my 

intention is to explore how, in my own work, interpretive CGI lighting can be used for the 

purpose of illuminating the anatomical wire-frame data.  

 

In the following works, I continue to explore the visual aesthetic with the same piece of MRI 

data as used in all of the previous works. At this point in time, my interest is in isolating the 

MRI data from the body completely, to explore the structural and more abstract qualities of 

the kidney. Ultimately, the intention is to create distance from the kidney’s function so that 

the viewer is then challenged to ‘see’ an alternative description of the kidney’s form. 

 

In the 3-D CGI image presented in ‘Cortex’ (Fig.61) completed in 2006, my intention was to 

drain the object of colour and generate a fragile quality to the kidney to convey to the viewer 

feelings of isolation, reflection and calmness. The MRI scan generated a surface impression 

of the kidney that I was keen to communicate. Based on this impression, I made the decision 

to render the organ smooth and stone-like to create a reassuring shape, surrounded by soft 

light and shadows. This image contains little medical information and the objective was to 

encourage discussion and engagement with form rather than the communication of disease 

function.  

 

                                                 
106 CGI lighting – Computer generated light is a process where CGI artist use digital light tools in the 3-
D animation software packages to build a lighting rig. This is often based on a real world reference such 
as a photography and/or art direction. 
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Fig.61 – ‘Cortex’, John McGhee, 2006 

 
 

This work saw a departure from rendering a stylised CGI look, and was a first attempt at not 

focusing in on a photorealistic sculptural aesthetic. The image in Fig.62 ‘Isolation’ was 

reconstructed from the same kidney data as before. I used the data to generate a foetal-like 

quality to this work, using lighting techniques and surface quality to generate the desired 

aesthetic. The resulting style looks less digital and synthetic. Using film grain and sub-

surface-scatter techniques107 a more organic style is created that distances the viewer from the 

underlying digital technology.  

                                                 
107 Sub Surface Scatter (SSS) - A rendering technique used in the computer graphic industry to replicate 
the semi-translucent reaction of light on human skin. 
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Fig.62 - ‘Isolation’, John McGhee, 2006 

 
 

This image (Fig.62) is of an object that has more sculptural features. The introduction of film 

grain to this image, combined with the low level lighting, creates a sense of warmth and 

breathes life to the inert object. This glow is intended to create parallels with human skin and 

its reaction under soft lighting. This image allows the viewer to engage in the beauty of form 

present in the human anatomy.  

 

Masters of Light 

 
I drew my inspiration for ‘Cortex’ and ‘Isolation’ from the approach and work of the ‘Dutch 

Masters of Light’ (WalterArtGallery(Baltimore), 1997). This group of artists portrayed a 

unique perspective on lighting and image fidelity. They lived during the Dutch Golden Age of 

painting, with painters such as Vermeer (1632-1675) creating a new approach to painting.  
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The work of Johannes Vermeer is of distinct interest because of his visual clarity and optical 

precision; Vermeer’s command of interior lighting and 3-D perspective provides a benchmark 

and point of inspiration. Many parallels can be drawn between Vermeer’s work and digital 3-

D computer graphics, particularly his ability to accurately depict 3-D perspective and to 

control and describe light. The subtlety of these attributes is critical for the creation of 

visually engaging CGI work.  

 

Exploring Vermeer’s paintings was highly beneficial to this research project. For example, in 

the painting ‘The Milkmaid’ (1658-60) (Fig.63) Vermeer presents a crisp and almost perfect 

optical clarity, and yet he worked in a medium that long predates photography. The visual 

quality of the interior contains a quality of sanctuary and isolation from the outside world - 

his subtle shadows and natural illumination communicating a feeling of ‘tranquillity’  and 

‘calmness’ (Bailey, 1995). The milkmaid is deep in thought, and seems to hide an underlying 

‘sadness’ or even a possible ‘tension’.  

 

This notion of tranquillity and tension and its paradoxical nature is a recurring theme within 

Vermeer’s work, and resonated with my own issues of interpreting disease. Vermeer’s colour 

fidelity and illumination of fabric, skin and stone is also sharp, yet it is not photographic. It 

preserves a human quality, of reflection and interpretation, providing the viewer with an 

optical standard that combines realism and interpretation. This notion of tranquillity and 

tension as visual qualities is something that could be related to the visualisation of the inner 

body. Based on the residency in Radiology, I felt the inner body could also be seen as 

offering sanctuary and tranquillity as well as holding the potential for danger and tension.  
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Fig.63 - ‘The Milkmaid’ – Johannes Vermeer, (1658-60) 

 
 
The Dutch masters were themselves heavily influenced by the 16th Century Italian painter 

Michelangelo Merisi da Caravaggio (1571-1610). Caravaggio painted predominantly 

religious scenes, using lighting in a new way, creating what we would now term as a 

cinematic effect in his works, engaging the masses in Renaissance Italy with a raw clarity. 

Through Caravaggio’s use of lighting and cinematic presentation, the viewer is drawn in as a 

participant in the unfolding drama, closing the gap between viewer and painting. 
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These notions of the cinematic, illumination and narrowing the gap between image and 

audience lie at the core of the 3-D CGI works created thus far. Both Caravaggio and Vermeer 

apply light and detail to engage and inspire the viewer, and in a similar spirit I produced a 

series of works exploring the kidney’s shape and form with this in mind. This is seen most 

vividly in ‘Cortex’ (Fig.61) and ‘Isolation’ (Fig.62). This work saw a departure from 

rendering a stylised CGI look, and was a first attempt at not focusing in on a photorealistic 

sculptural aesthetic.  

 

The work of Swedish photographer Lennart Nilsson108 (Nilsson, 2006, Nilsson and 

Hamberger, 2004) and his images of the human foetus also influenced the work during this 

period. His illumination of human tissue and use of internal lighting are of particular 

significance. Nilsson’s photography of the human embryo in the womb communicates a place 

of tranquillity and quietness. The image in Fig.64 is one such example where the embryo has 

been photographed in close-up. Nilsson’s use of lighting lends the image its warmth and soul.  

  

                                                 
108 Lennart Nilsson – A Swedish based photographer who has captured many images of the human 
embryo in vivo. 
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Fig.64 - Foetus, Lennart Nilsson, (2007) 
 

I carried out further development work to engender a similar visual quality to that of 

Nilsson’s work. This was in stark contrast to the frightening and intense environment 

portrayed in ‘Fantastic Voyage’ (1966) or ‘Innerspace’ (1987). Nilsson’s aesthetic of the 

womb influences the way filmmakers portray the body, for example in the BBC documentary 

‘Life before Birth’ which depicts the development of the foetus from conception to birth, 

beyond the ‘body in peril’ narrative. The optical clarity present in Nilsson’s work matches 

many of the qualities of Vermeer’s, where light can serve to calm and neutralise the inner 

body space. 
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The illumination and light of the inner body provides the 3-D CGI artist with space in which 

to express and communicate the body form. My goal was not to produce works that 

necessarily communicate disease but rather determine a new aesthetic and body of work with 

which to question established pathways towards mediation of the body. Again this period of 

interaction with the scientific data provided evidence of a non-technical artisan pathway that 

does not serve science, but builds on the tacit knowledge of the artist.  

 

Beyond Photorealism 

 

The 3-D CGI works produced during this period of making have thus far focused on a 

somewhat photorealistic lighting approach. The question nonetheless arose in my mind of 

how the boundaries of the visual-practice might be extended beyond ‘photorealism’109 and 

into further visual interpretation of the data. Although the work of ‘Flow Lines’ was non-

photorealistic, I was keen to revisit these principles with previous work, such as ‘Medulla’. 

 

The tools available to 3-D CGI artists are at a level whereby photorealism can be achieved in 

the context of creating digital anatomy. The image in Fig.65 is a computer rendering of a 

heart created by the Swedish digital 3-D artist Michael Bengtsson110. It is a highly proficient 

piece of 3-D CGI, whereby the artist has created a photorealistic rendering of the heart. The 

image in Fig.66 is taken from actual body surgery, through an endoscope camera. It is a piece 

of video work recorded by surgeons for application within a teaching context. 

                                                 
109 Photorealism – A description of CGI that strives to replicate photographic realism in the rendering 
process. 
 
110 3-D artist Michael Bengtsson’s  work can be seen at  
<http://www.highend3d.com/gallery/objects/Heart-721.html>[Accessed on 08/04/06] 
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Fig.65 – ‘The heart’, Michael Bengtsson, 2006 

 

 

Fig.66 – Endoscope footage of the human kidney, Dr Graham Adamson, Ninewells Hospital, 2005 
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If the images in and Fig.65 and Fig.66 are compared, very little difference in visual quality 

and representation can be found. However, in my personal opinion, the visualisation found in 

Fig.65 demonstrates technical vision, rather than artistic interpretation. At the other extreme,  

Fig.66 portrays a visceral and confusing (to the lay viewer at least) rendering of the inner 

body. Neither presents an aesthetic that helps inform the viewer of the body’s function or 

form. Both are saturated, visceral, chaotic and to the lay viewer, potentially frightening.  

4.9. Synergy with the natural world 
 
 
As the making progressed, my exploration moved to form and its synergy with the natural 

world. I examined the raw MRI data in both 2-D and 3-D, and sought to try to make sense of 

anatomical structures. The data was often chaotic, complex and difficult to understand, even 

in a 3-D format. As a result, I extracted meaning from the MRI data and its underlying form 

by making comparisons with the natural world.  

 

 

Fig.67 – MRI of the vertebral arteries – Graeme Houston, 2006  
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The series of 3-D CGI works produced during this period link our internal structures with the 

natural world around us. I used a new piece of MRI data, in this case a scan (Fig.67) taken of 

the vertebral arteries, a group of blood vessels that feed blood from the heart to the brain. 

Using this data, a series of time-based sequences were produced which explored the detailed 

forms of the arterial vessel. These arteries have a complex and tortuous form, hence the term 

‘tortuosity’111, as they twist and turn their way away from the heart.  

 
 
The image in Fig.68 is a static screen shot taken from a moving sequence of the vertebral 

arteries. This animation depicts the vertebral arteries from different angles utilising camera-

panning techniques. It exposes the complex and at times sculptural form of these arteries, 

which are located in the neck, leading up into the brain. To complement this animated 

sequence, I also created a collection of three still images that explore the forms present in the 

vertebral arteries. These can be seen in Fig.69, Fig.70 and Fig.71. 

 

These 3-D CGI works function together as a collection of images conveying the sculptural 

and tortuous form of the vertebral arteries.  This series applies the language of photography 

using depth of field112 techniques, to focus the viewer's attention on various aspects of the 

form. 

                                                 
111 Tortuosity – A clinical word used to describe the twisted state of some types of blood vessels. 
 
112 Depth of Field – An effect achieved in photography and filmmaking whereby the photographer can 
control the focus of an image through lens and aperture adjustments. 
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Fig.68 - ‘Vertebral Arteries’, John McGhee, 2006  
 

 

Fig.69– ‘Tortuosity’, John McGhee, 2006  
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Fig.70 - ‘Vertebral Arteries’, John McGhee, 2006 
 

 

Fig.71 - ‘Vertebral Arteries’, John McGhee, 2006 
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In ‘Tortuosity’ (Fig.69) the viewer is presented with an angle pivoting up from the heart and 

chest region of the body, towards the head and brain. The artist added ‘depth-of-field’ to draw 

the viewer through this complex geometry, with the vertebral arteries spiralling upwards like 

the inverted roots of a tree; twisting and turning, providing an intricate tangled network of 

arteries and vessels that feed the brain with oxygen. These structures within the body are 

formed by the flow of blood as it passes round the body through tissue and bone, and again 

like the branches of a tree, the forms are the result of the processes of time and pressure. The 

supporting images develop these ideas further, highlighting the detail in the arteries, and 

presenting images with a fragile and ornate quality. 

 

Linking the body and the landscape 

 
Based on viewing the data on the scanner and analysing the 3-D wire-frame, it became clear 

that many of the forms within the body were replicated in nature. The inner body’s 

appearance resembles our visual perception of the external landscape around us, shaped by 

weather patterns and the seasons. While it is clear that the inner body is not exposed to the 

circumstances of the external world, we have evolved from simple organisms into a very 

complex collection of cells. This aesthetic was used as a means of relating the real world and 

the landscape to the body anatomy and disease. As part of this link with the landscape, I used 

photographic reference material in order to gather evidence of these visual synergies. 

 

During this period of exploration, visual parallels with the natural world started to emerge.  In 

the case of the MRI renal data, the process started with one image of the Colorado River 

Delta (Malins, 2002), which resonated in my mind. This satellite photograph, shown in 

Fig.72, records the Colorado River Delta fanning out across the landscape. This natural 

phenomenon replicates itself in similar ways in our own bodies, as vessels branch and feed 

blood to every part.  
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Fig.72 - Colorado River Delta, (Malins, 2002) 
 
 
In a same way as a painter or photographer might observe and survey a landscape prior to 

starting an artwork, I took a number of photographs for visual reference before commencing 

this work. For example, the photograph taken in Fig.73 captures the distorted and warped 

structure of a tree trunk113. The tortuous and twisted nature of the tree matched many of the 

images collected from the MRI scan.  

 

These photographic images represent the synergy between the natural world and the internal 

body space within every human being. This matching of the internal and external landscape 

can be explicitly seen in a comparison between Fig.71, Fig.73 and Fig.74. 

                                                 
113 The author took photographs locally to assist in the development of this narrative.  
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Fig.73- ‘Tree roots’. Photography, John McGhee, 2005 
 

 

Fig.74 – ‘Vertebral Arteries’, John McGhee, 2006 
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When creating this series of works, I was searching for reassurance from the natural world in 

order to consolidate the research. The lack of visual reference material provided by the MRI 

scan data is a challenge that I have to overcome. The apparent synergy in structure and form 

present in animals, humans and the natural world provide me with a method for making sense 

of the ‘chaos’ that is found in the MRI data.  

 

4.10. Unfinished work – the digital sketchbook 
 

This process of exploring, linking and making sense of the more complex MRI data continued 

with two additional works of experimental 3-D CGI works. These works were visualised from 

MRI renal angiogram data. In this particular case, the aorta’s lumbar arteries and the blood 

vessels in the lungs are visualised. 

 

In Fig.75 and Fig.76 a rough shader114 is applied prior to colour being added to the 3-D 

wireframe. These images display the aorta from an elderly patient, which has become 

distorted and become more tortuous as it weaves down the spinal cord and splits at the 

femoral arteries. These images are excerpts from what I term as the ‘digital sketch book’ and 

are my attempt at making sense of the data and exploring the form that is present.  

                                                 
114 Rough shader is a colouring to the wireframe that provides quick interaction and manipulation by the 
artist. 
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Fig.75 - 3D aorta ‘rough shade’, John McGhee, 2006 

 

 

Fig.76- 3D aorta ‘rough shade’, John McGhee, 2006 
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Fig.77 - ‘Lumbar Arteries’, John McGhee, 2006 
 

The render in Fig.77 ‘Lumbar Arteries’ is the final visual image produced from this data. It 

presents the viewer with an image of pattern and repetition, showing the aorta as it twists and 

turns. While this scan data is taken from a patient who may be suffering from arterial disease, 

there is still beauty and complexity in the geometry presented. The lumbar arteries provoke a 

sculptural quality as they emerge from the aorta like the legs of a large centipede. 

 

This process of ordering complex form and making sense of a saturated piece of clinical MRI 

data (Fig.78) was applied in the image entitled ‘Lungs’ (Fig.79).  I again continued to explore 

the complex structure that exists within the vessels that feed blood into the lungs. The 

intention is to expose the structure, but provide the viewer with an engaging form. In the 3-D 

CGI work in Fig.79, digital lighting has been added to give depth and expose detail of this 

structure. The 3-D CGI image takes on a coral like quality and a complexity of form. 
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Fig.78 - MRI Renal Angiogram, Dr Graeme Houston, 2005 
 

 
 

Fig.79 –‘Lungs’, John McGhee, 2005 
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This final stage of investigation probed more complex pieces of clinical data. In the first few 

pieces, the MRI data was more simplistic and often focused on specific organs in their 

entirety. In the Lung and Lumbar arterial works, the complexity of form and structure is 

increased. These works are not complete and represent a continuation of the exploration of 

the clinical data. Further digital sketchbook works can be found in Appendix A 8.2 (Fig.108. 

and Fig.109). 

 

4.11. Conclusion 
 

The outcomes of this evolutionary practice phase include refinement of the process of 

importing the MRI data into Maya and blending interpretative techniques.  Thereafter, a full 

articulation of my visual approach through the evolution of the practice is given. Ultimately, a 

series of 3-D CGI artefacts that do not conform to the ‘voice of medicine’ are created. This 

results in the establishment of a bandwidth of interpretive works that I use to highlight my 

own visual aesthetic. 

 

In the first instance, a visualisation pipeline was established for accessing MRI data in Maya 

and generating wire-frame models in 3-D CGI. This identification of a pipeline allowed me to 

build 3-D CGI models of the clinical data that could then be augmented, enhanced and 

interpreted through the tools of the CGI artist. 

 

‘Medulla’ was the first significant work to emerge from the experimentation. It provided an 

image that presented beauty and form visualised from the 2-D MRI renal angiogram data. The 

images created during this period allowed me to probe and play as I searched to make sense 

of the data.  

 

 
Appendix A 
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The proceeding works explored themes that moved beyond the established medical 

visualisation approach. The first 3-D CGI work that did not adhere to scientific reality was 

‘Stenosis’. I moved the 3-D CGI artefact outside the domain of science and used the 

cinematic to distance the viewer from the subject matter. This self-expression has 

implications for the field of disease visualisation. By changing the baseline data, the artefact 

no longer becomes accurate in the eyes of science. I have introduced a parameter that is 

empirically difficult to measure; interpretation. However, this process of augmenting and 

integrating cinematic and arts-based lighting [as seen in ‘Stenosis’] provides a viewing mode 

whereby the audience engages in the dialogue offered. 

 

The creation of ‘Flow’ and ‘Flow Lines’ drew influences from multiple arts-based and 

scientific sources, whilst trying to retain medical clarity. It became clear during this phase of 

creating the work, that to construct an image that both communicates medical clarity and 

provides alternative ways of viewing disease and anatomy is challenging. While it may not be 

possible to actually create an artefact that can have medical clarity and possess an arts-based 

integrity, these works assist in plotting the ‘bandwidth of interpretation’, contributing towards 

an alternative inner body and disease aesthetic.  

 

Digital lighting was used as a means of evolving this space as the 3-D CGI pieces continued 

to emerge. ‘Cortex’ and ‘Isolation’ provided works that communicated the surface and form 

of the human kidney, placing it in an ambiguous virtual space. These works are distant from 

the clinical MRI data they originate from, and therefore become more arts-based artefacts. 

Again, this raises questions of validity and contribution to the field. I would argue that these 

two works address visual aspects of inner body form not seen in current modes of biomedical 

visualisation or animation. However, in what context does this work have value?  

 

In the 3-D CGI work entitled ‘Tortuosity’ and the proceeding works, the theme first exposed 

by ‘Medulla’ continued, that of finding order and form among chaos. However, these works 
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endeavoured to go beyond that single theme and proceeded to use synergy and parallels with 

the natural world to make sense of the MRI data. This linking of form with the natural world 

allowed me to shape my aesthetic, providing reassurance in the interpretation of the data.  

 
 
Evolution 

 
The evolution of practice as seen in the 3-D CGI artefacts generated, allows the plotting of 

what I term as the ‘bandwidth of interpretation’. As the works progress, they became more 

distant from their scientific origins. Each artefact has varying levels of medical clarity as the 

work strives to communicate attributes outside the didactic, for example form, structure and 

fragility.  

 

The practice did not strive to create an evolution of work that led to one single artefact that 

encapsulated scientific clarity and arts-based interpretation. I instead chose to create a series 

of 3-D CGI artefacts that combined data with interpretative themes. These themes such as 

‘synergy with the natural world’, ‘the cinematic’ and ‘natural form’ were based on my own 

reaction to viewing and navigating the complexity of the MRI data. The resulting artefacts are 

a blend of my own interpretation of the MRI data, with each image offering different levels of 

anatomical clarity and arts-based representation.  

 
 
Questions raised 

 
While the material discussed in this chapter exposes my own practice-led approach to 

creating the works referenced here, it is still unclear whether the imagery has value. I feel the 

works sit within a ‘bandwidth of interpretation’. This evolution of the practice demonstrates a 

progression of work that may communicate a more interpretative arts-based insight to the 

body. However, the value of this work is unclear in either the field of arts or clinical imaging. 

As a result of this uncertainty the following questions arise: if clinical data is augmented or 

becomes distant from its scientific origins, does it lose integrity? Also, if the practice-led 
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approach relates primarily to the aesthetic question and establishes a new aesthetic for the 

inner body, how and to whom is this work disseminated? 

 

I propose that by gaining an outsider’s perspective, as opposed to the insider’s view 

expressed in this chapter, a clearer picture of the value of my own visualisation pathway 

might be generated. For me, this means adopting a means of gaining insight into the views of 

others, in order to challenge the visual integrity of the practice and its legitimacy as a stand-

alone means of communicating the disease process to a lay audience. Gaining outsiders’ 

views on the integrity of the 3-D CGI produced is the subject of the next chapter. 
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5. Integrity: Qualitative Study, Design and 
Implementation 

 

5.1. Introduction 
 

The role of the 3-D CGI artist visualising radiological data is unclear. This uncertainty posits 

questions that cannot be solely answered through practice or the literature review. 

Historically, we see a progression of the positivist view of the body, compounding the notion 

of artist-as-illustrator of science. Medical imaging techniques such as MRI and CT also 

contribute to reductive notions of the body. Does the 3-D CGI digital imagery produced by 

the author ‘fit’  the historically based position of artist–as-illustrator or could there be a new 

role for the 3-D CGI artist?  

 

 
The manipulation and augmentation of the MRI data by the author results in a 3-D CGI 

artefact that is no longer a scientific object. The artist’s hand (through the medium of 

computer animation software tools) has cut the image from its scientific origins. In breaking 

this link and introducing aesthetic variables such as lighting, texture and movement, questions 

of image integrity are inevitably raised. The intervention of the artist may enhance the visual 

quality of the MRI, but becomes redundant in diagnostic imaging, due to the increase in 

variables. However the artist provides narrative where before there was none. In doing so, 

what does the artist bring or omit from the clinical data? This question of the ‘integrity’  of the 

image is at the core of this chapter. 

 

This chapter documents the design and implementation of a qualitative study of individual 

professional’s views on the author’s work and approach to visualisation. This study, entitled 

‘Integrity’ , consisted of twenty-two individual semi-structured interviews with professionals 
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drawn from the fields of clinical imaging, science and the visual arts. The study was held in 

‘Centrespace’115 during a two-week period in October 2006. 

 

The aim of this study was to gain a clearer insight into the integrity of the 3-D CGI artefacts 

from the professionals gathered. By interviewing these individuals, the author hoped to gain 

multiple views on whether an interpretative approach (that strives not to apply the ‘voice of 

medicine’) has value in the visualisation of disease.  

 

This chapter concerns itself with the articulation of the design and implementation of the 

study. Results and findings of the study can be found in the following chapter. 

5.2. Pilot - Recommendations 
 

Prior to the full study, a pilot was carried out in March 2006 to evaluate the techniques and 

questions proposed for the full interviews with professionals. The pilot was used as a test-bed 

for the interview format and as a prototype for the full study. The aim of the pilot study was 

to explore and analyse participants’ professional opinions on a range of visualised imagery. 

The images consisted of 3-D visualisations of MRI data produced by the author, clinical 

photography, MRI scans and illustrative drawings of the kidneys and accompanying vascular 

anatomy (see Appendix A 8.7.3). The intended outcome was to determine whether exposing 

participants to a range of visual imagery relating to arterial disease was a beneficial method of 

inquiry. (Further details of the pilot can be found in Appendix A 8.7.1, 8.7.2 and 8.7.4.). 

 

 
 
 
 
Pilot Observations and Recommendations 

 
                                                 

115 Centrespace – An experimental research facility and exposition/exhibition space situated in the 
Visual Research Centre (VRC), University of Dundee 
<http://www.vrc.dundee.ac.uk/centrespace/centrespace.html> [Accessed on 11/03/09]. 
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The analysis of this pilot data was based on field notes and textual analysis. As a result of 

interpretation of the interview data, a series of observations, limitations and recommendations 

were compiled. These were as follows: 

 

 
·  The Number of Images – 12 images were displayed, including photographic reference 

material, MRI, 3-D computer visualisations and 19th century anatomical drawings. 

The wide assortment of material provided a range of discussion points but due to the 

number of images and the nature of the display boards it proved difficult to manage 

participants’ responses. As the images presented were viewed simultaneously, 

participants would often jump between different images and so for the purpose of the 

transcripts, it was difficult to accurately track which images participants were 

discussing.  A more efficient strategy was decided upon of guiding interviewees 

through the images and material on an individual basis with the interviewer. 

 

·  Image Format – For the purposes of the pilot, images were printed on paper and then 

mounted on foam board at approximately A3 size. This proved an unsatisfactory 

method of display due to the limitations in size and image quality. The 3-D computer 

imagery contains detailed computer geometry and due to the size and print resolution 

some information was difficult to view. The 3-D visualised imagery was created on 

screen-based technologies therefore the best viewing modality is by digital means, 

rather than by print. In the full study all material would be viewed through digital 

projection. 

 
·  Image Types and Questioning – The variation in image types resulted in several 

topics of discussion being raised amongst all the participants at once and these often 

diverse themes did not address the key questions of authenticity and the role of the 

artist. This was partly due to the questions being too general, with participants only 
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discussing emotional and intuitive responses to the imagery. Another issue was the 

diversity of imagery presented to participants, driving discussion beyond the remit of 

the study; for example, the photographic images and the ‘Gray’s Anatomy’ etching 

distracted discussion away from the core issue of the visualised MRI data. Therefore 

it would be preferable to only present images of radiological scan data and 

subsequent 3-D visualisations and animations. 

 

·  Verbal Introduction  - Participants would often seek clarification prior to making any 

judgment on the imagery. The images were often ambiguous and it was not always 

clear what part of the anatomy was being shown. As a result, in the full study, it 

would be advantageous for viewers to be given an introductory explanation to each 

image set, allowing for a clearer and more efficient interaction when discussing 

integrity and the artist’s role. 

 

5.3. The Study - Aims, Objectives & Outcomes 
 
 
During the practice phase of the doctoral research (explored in Chapter 3) a series of 3-D CGI 

artefacts were created in order to push the boundaries of how clinical data might be 

visualised. Across each stage of the evolution of the practice and the resulting bandwidth of 

works, the author attempted to strive for a more interpretative approach to the visualisation of 

human anatomy and disease.  

 

The primary aim of this study was to gain opinions from ‘outsiders’ on each individual 

artefact within the bandwidth. The purpose of gaining individual professionals’ views on the 

works was to identify whether the introduction of increased levels of arts-based interpretation 

of clinical data affects its integrity and value. In the contextual review, it is clear that 3-D CGI 

artists tend to stay tethered to the ‘voice of medicine’ with little progression into alternative 
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interpretations of data. As the author introduces more ambiguity and expresses more of his 

personal reaction to the data using 3-D CGI, this raises the question of value and context.   

 
Aims 

·  Gain the views and opinions from individual professionals on a series of interpretative 

3-D CGI visualisation of clinical MRI and CT data (produced by the thesis author, 

John McGhee). 

·  Explore whether the artist’s interpretative approach to visualisation of disease and 

anatomy has integrity. 

 

Objectives 

·  Invite twenty-two professionals, drawn from clinical imaging and the visual arts, to 

comment on raw clinical MRI and CT data and subsequent 3-D CGI images created. 

·  Use face-to-face semi-structured interviews and participant-observer techniques to 

explore the notion of image integrity in MRI and CT scan data and 3-D CGI.  

·  Use semi-structured interview techniques to encourage participants to comment on a 

series of questions relating to the role of the artist and the visual integrity of the 3-D 

CGI artefacts. 

 

Outcomes 

·  A series of recommendations that position the integrity of the artist’s approach in the 

field of visualisation. 

·  A series of comments that will provide insight into the value of the author’s 

interpretative approach to visualisation. 

 

The proposed outcome of the study was to gain a clearer idea of the significance of the 

author’s approach to visualising disease through 3-D CGI. The author argues that the imagery 

of disease should communicate more than just the positivist view of the body, striving to 
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encompass ‘alternative ways of seeing’. The transcript data generated provides insight into 

the importance individuals place on this ‘integrity’  within their own professional field. 

 

5.4. The Study – ‘Integrity’  

 

The exploration and validation of the author’s approach to visualising disease was at the core 

of this study. Due to the open-ended nature of the research questions posed, a non-positivist 

approach was adopted. The author applied what Lincoln and Guba116 describe as ‘Naturalistic 

Inquiry’ (Lincoln and Guba, 1985), meaning the use of ‘qualitative’ methods to gain insight 

into participants’ views and opinions.  

 

Applying a positivist approach to ‘measure’ or numerically ‘quantify’ participant’s opinions 

and beliefs would limit analysis, and ultimately contradict the philosophy behind the 3-D CGI 

work. Humans are not ‘things’ and therefore, in the context of accessing their ‘beliefs’ and 

‘opinions’, cannot be judged through quantitative means (Erlandson et al., 1993) (Silverman, 

1993) (Denzin and Lincoln, 1998, Craig and Smyth, 2002 p.2002, Somekh and Lewin, 2005 

p.131, Denzin and Lincoln, 2003). The visual work was created in an open-ended dialogue 

between the MRI data and the artist; therefore it was decided that any discussion of the work 

must reflect this discourse. 

 

The characteristics of ‘Naturalistic Inquiry’ are founded on two significant assumptions. The 

first, that humans cannot be removed or separated from the physical world, with this 

separation also applying to social and cultural aspects of their environment. The second, that 

behaviour cannot be interpreted by means of ‘observation’ alone, meaning ‘it is not possible 

to observe the personal meanings and perspectives that guide a person’s behaviours within a 

given environment’ (Hillman, 2006 p.110). Lincoln and Guba state that humans have an 

                                                 
116  Yvonna S. Lincoln and Egon G. Guba – USA based academics who established a paradigm of 
enquiry that challenged the positivist approach by developing a new framework of investigation titled 
‘Naturalistic Inquiry’. 
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internal interpretation of the world, based on their environment, which results in every person 

reacting differently to a certain set of circumstances.  

 

The single reality of a positivist approach would not reflect the multiple realities presented in 

participants’ views; ‘Naturalistic Inquiry’ specifies that realities are multiple (Lincoln and 

Guba, 1985) and as such must be preserved in any qualitative study.  Lincoln and Guba 

(Lincoln and Guba, 1985) propose a set of characteristics that preserve these multiple realities 

in the design, implementation and analysis of any qualitative study. The text summarised in 

Table 5-1 lists each characteristic specified by Lincoln and Guba (Hillman, 2006 p.110)., also 

illustrating how each one of these characteristics were met and applied in the study 

‘Integrity’. 

 

Characteristic Application in ‘Integrity’ Qualitative Study 

Natural setting The data will be collected in a neutral space set up for best viewing 
of the 3-D imagery. The Centrespace location offers an environment 
that shows the author’s work in the optimum context for 
participants. 

Human data collection 
instrument 

The author will collect the data at the point of interview. 

Utilisation of tacit 
knowledge 

Obtained from the author’s personal experience of the clinical 
environment and personal tacit knowledge of image creation. 

Qualitative methods Semi-structured interviews were used to collect the data. 
Purpose sampling Clinical participants were invited based on their professional 

experience of clinical or scientific imaging. The visual arts 
professionals were selected on their standing within the field of art 
and design research. 

Inductive data analysis The narrative data from the interviews was analysed to establish 
themes and small sets of generalisations relating to the author’s role 
in visualising clinical data. The intention is to gain a picture of 
relevant notions of visual integrity. 

Emergent design The questioning and interviewing of participants was monitored and 
the questioning adjusted by the authors. 

Negotiated outcome All participants agreed participation through a written consent 
process. Also, through the interview, conversation points were 
clarified and answers agreed upon. 

Idiographic 
Interpretation 

The participants were interviewed and recorded separately to gain 
their views and opinions.  

Tentative application An interpretation of the data using a qualitative data analysis 
framework (Miles and Huberman, 1994) allows a better 
understanding of the author’s role in the visualisation of MRI data. 

Focus-determined The study only focuses on the views and opinions of professionals 
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boundaries associated with clinical imaging and the visual arts. The study only 
explored notions of integrity and the role of the 3-D computer artist 
in the field of visualisation and disease. 

Special criteria for 
assessment of 
trustworthiness 

The recording of data; the application of qualitative data analysis 
framework: familiarisation, identifying a thematic framework, 
indexing, charting and mapping. The findings and results were also 
compared to the literature in this field. 

 
Table 5-1 - The table of characteristics for study design based on Lincoln & Guba 

 

5.5. Alternative Approaches 
 

A qualitative approach was selected to gain professionals’ views and opinions on a series of 

3-D CGI images through semi-structured interviews. Other means of design and analysis 

were considered but a qualitative approach was selected as the most appropriate method of 

design and implementation. The alternative to the author’s qualitative approach was to apply 

a quantitative method to gain insight into participants’ reactions.  The limitations of a 

quantitative means of collecting data are based on several restrictive assumptions. Firstly, the 

researcher should be neutral and free from any bias. This is achieved through application of 

controlled conditions and the goal of eliminating the researcher’s ‘…personal or political 

opinions and prejudices…’ (Mcneill and Chapman, 2005 p.16) This pursuit of ‘objective 

control’ is based on a singular ‘truth’ , which does not recognise the individual realities of 

each participant.  

 

The creation of the 3-D CGI works by the author has been driven by open-ended discussion 

and dialogue between artist and subject matter. In the mind of the author, this dialogue should 

be exposed during the study and therefore the notion of suppressing the thoughts of the 

researcher would be counterproductive. The method of structured questionnaire and 

structured interviews would also fall into the positivist paradigm, limiting responses and 

discussion, thus providing a false and unnatural setting. The goal of this study is to recognise 

individual participants’ realities and use open-ended discussion as a means of acquiring 
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insight into the 3-D CGI works. ‘Naturalistic Inquiry’ provides the means by which to gain 

insight, but not exclude open-ended discussion and the author as a ‘participant observer’. 

 

5.6. Participants in Integrity Qualitative Study 
 
 
The participant selection criteria for the full study were based on the recruitment of a cross-

section of professional researchers from the fields of visual arts and sciences. Among the 

visual arts, ten specific individuals were targeted within the academic research community at 

Duncan of Jordanstone College of Art & Design, Dundee drawn from Design, Fine Art, 

Theory and Illustration departments. The twelve scientific participants were drawn from the 

Life Sciences, Clinical Radiology, Forensic Anatomy and Surgical Oncology. Table 5-2 and 

Table 5-3 highlight the professional spectrum represented: 

 

Discipline table 1 Numbers 
� �
Life Sciences� 1�
Clinical Radiologists and Radiographers� 8�
Fine Art� 5�
Forensic Anatomy� 1�
Design� 2�
Pathology� 1�
Digital Illustration� 1�
Surgical Oncology� 1�
Contemporary Media Theory� 2�

Total � 22�
Table 5-2 - Discipline table 1, John McGhee 2006 

 
 

Discipline table 2 Numbers 
� �
Science/Clinical based� 12�
Visual Arts based� 10�

Total � 22�
 

Table 5-3- Discipline table 2, science/art breakdown, John McGhee 2006 
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Appendix A 

Appendix 8.8.2, 
8.8.3 & 8.8.4 

Participants were invited to take part in the study by letter (see Appendix A 8.8.3.). They were 

also asked to read a study information sheet (see Appendix A 8.8.4) and sign a consent form 

prior to the interview process (see Appendix A 8.8.2).  

 

5.7. Interview Methods 
 

‘Participant-observer’ 

 

The interviews were conducted by the author as ‘participant-observer’, whereby Lincoln and 

Guba define the researcher (insider) as the instrument for data collection and analysis. The 

‘participant-observer’ technique provides the research with ‘direct experiential and 

observational access to the insiders’ world of meaning’ (Jorgensen, 1989 p.15).  This is 

significant, as it means the ‘insiders’ tacit knowledge can be applied during the interview and 

data analysis.  

 

Lincoln and Guba summarise the advantages117 of the ‘Human-as-instrument’ (Lincoln and 

Guba, 1985 p.193) in seven key characteristics: 

 

·  Responsiveness – ‘…human-instrument can sense and respond to all personal and 
environmental cues that exist…’ 

 
·  Adaptability – ‘…multipurpose human can collect information about multiple factors - 

multiple levels - simultaneously…’  
 

·  Holistic emphasis – ‘...the human instrument is the only one available capable of 
grasping all this buzzing confusion in one view…’  

 
·  Knowledge base expansion – ‘…the human instrument is competent to function 

simultaneously in the domains of propositional and tacit knowledge…’ 
 

                                                 
117 The disadvantage or limitations of ‘human-as-instrument’ is illustrated in the concept of 
‘trustworthiness’ or the credibility of the researcher. ‘The data is only as good as the instrument 
collecting…‘ LINCOLN, Y. S. & GUBA, E. G. (1985) Naturalistic Inquiry, Sage Publications. See 
section 5.9 
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·  Processual immediacy - ‘…the ability…to process data just as soon as it becomes 
available, to generate hypotheses on the spot…’ 

 
·  Opportunities for clarification and summarization – ‘…the human instrument has the 

unique capability of summarizing data on the spot and feeding it back to a 
respondent…’  

 
·  Opportunity to explore atypical or idiosyncratic responses – ‘…the human instrument 

can explore such responses not only to test their validity but to achieve a higher level 
of understanding than might otherwise be possible.’ 

 

The advantages of the ‘human-as-instrument’ approach provide the author with a rationale for 

participating in the interviews, as opposed to having them performed by an external 

candidate.  By not participating in the interviews, the author would not have the same level of 

insight into the views of participants regarding the integrity of the 3-D CGI works. 

 

Semi-Structured Interviews 

 

Semi-structured interviews were used in this study as a means of interviewing without rigid 

wording (Wengraf, 2001). A semi-structured interview is a mode of interview in qualitative 

research that differs from ‘unstructured’ and ‘non-standardised’ interviews. It ‘…has a more 

specific research agenda and is more focused…’ (Holloway, 1997 p.95). This form of 

interviewing means the interviewer does not ask questions in the same way with every 

participant and does not adhere to a strict interview structure. The primary benefit of semi-

structured interviews is the unhindered expression, by participants, of their own thoughts and 

opinions. In this research an ‘interview guide’ (see Appendix A 8.8.5) was used rather than an 

‘interview schedule’, which would be more appropriate for quantitative work.  

 

At each stage of the interview, the questioning centred on notions of image integrity and the 

role of the artist in visualising data. A planned sequence of discussion points was 

implemented to assist in maintaining some structure. Semi-structured interviews provided the 

opportunity for the professionals to respond in their own ‘unique way of defining the world’ 

 
Appendix A 

Appendix 8.8.5 
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(Lincoln and Guba, 1985, Hillman, 2006).  The nature of the interviews also assumed that no 

set sequence of questions was suitable for all respondents. This flexibility and emergent 

quality of the semi-structured interviews also allowed important issues to be raised that would 

not be possible with a more structured interview. 

 

However, there are disadvantages to using semi-structured interviews as a method for 

collecting data from participants. Denzin and Lincoln make the point that ‘It is not a neutral 

tool, for at least two people create the reality of the interview situation’ (Lincoln and Guba, 

1985). Nevertheless, it provided a robust research tool in the context of gaining unique insight 

into professionals’ views and beliefs on a series of 3-D CGI. 

 

Face-to-Face Interviews 

 

The use of face-to-face interviews provided a tool for clearer data collection from individual 

participants. As described by Denzin and Lincoln ‘…the interview is a negotiated text, a site 

where power, gender, race and class intersect…the interview is conversation, the art of 

asking questions and listening’ (Denzin and Lincoln, 2003 p.48). This ‘negotiated text’ 

provided the author with detailed data containing participants’ thoughts, allowing for a more 

efficient access to the professionals’ constructed realities. 

 

5.8. Location and Process 
 

Centrespace, housed with the Visual Research Centre (VRC) in Dundee, was selected as the 

location for the interviews (See Fig.80). The space was split into key interview stages. Stage 1 

presented participants with the two digitally projected images (4x3 meters) on large black 

panels (Fig.81). These image sequences were stored on DVD and could be changed via 

remote control. A microphone was installed in the space to collect the sound while 

participants viewed and discussed the works with the author. 
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Fig.80 - Floor plan ‘Centrespace’, John McGhee, 2006 
 
 

 

Fig.81 - Image projection zone ‘Centrespace’ John McGhee, 2006 
 

The stages were broken down as follows: 

Stage 1 – Digital Imagery Projection 
Stage 2 – Origins and influences tables 
Stage 3 – Conversation and discussion 
Stage 4 – Blackboard Mapping 
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Fig.82 - Interview stage diagram, John McGhee, 2006 

 
 

Each stage of the interview is highlighted in the illustrated diagram in Fig.82. The twenty-two 

face-to-face interview sessions were performed over a two-week period. Each interview 

session was scheduled to take approximately one hour. However, almost all of the 

participants exceeded the target timescale (See duration in Appendix A 8.8.1). Table 5-4 

overleaf summarises each stage of the interview: 

 
Appendix A 

Appendix 8.8.1 
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Stage Title Description 
Stage 1 

 

Digital 
Imagery 
Projections 

The first stage of the interview involved bringing the 
participant to the microphone, and initiating dialogue 
through questioning and conversation. The voice recordings 
were stored on an MP3118 solid-state recorder for later 
analysis. 
 
Questions: 
- Describe in your own words these images and what 
insight they offer you into the human body. 
- Do you feel the interpretative images have less or more 
integrity due to their abstract nature? 
- As a clinician or artist do you think the author has 
enhanced or diluted the original 2-D data and if so in what 
way? 
 
Lead Question 
- How would you describe the visual qualities of the 
images? 
 
These questions were asked during every image set shown. 

Stage 2 

 

Origins and 
Influences 
Table 

The second stage was to introduce the participant to the 
inspiration and origins of the aesthetic interpretative works. 
This was accompanied by a verbal explanation of the 
material on display. The table consisted of sketchbooks, 
medical books and other visually influential material. 
Participants were not questioned at this point. 

Stage 3  

 

Conversation 
and 
Discussion 

The third stage was based on further interviews. 
Participants were asked three questions related to the role of 
the artist in clinical visualisation. 
 
Questions: 
- Do these images affect the way you think about your 
body? 
- What would you define as visual integrity in your own 
practice? In this context? 
- What role do you feel an artist should play when working 
with medical scan data? Translator? Mediator? Illustrator? 

Stage 4 

 

Blackboard 
Mapping 

The final stage invited participants to use chalk to draw and 
map their own perception of visual interpretation of medical 
data. Participants were encouraged to use graphs, tables and 
maps to describe where the radiological and creative 
processes meet. 

 
Table 5-4 – Interview process, John McGhee, 2006 

 

                                                 
118 MP3 – Audio computer file format used to capture the interviews during the visual experiment. 
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5.9. Image Selection and Viewing 
 

‘Centrespace’ at the University of Dundee’s ‘Visual Research Centre’ (VRC) was used as an 

experimental area to interview participants and present the digital imagery. The primary 

driver for selecting this venue was as a ‘natural setting’ for large-scale digital projection 

across the two-week time period. The work had been conceived digitally and it was critical 

that participants judge the imagery through a digital medium. 

 

Image set 1 

Images were selected in sets, with MRI imagery being displayed on one projection screen and 

the 3-D reconstruction being simultaneously displayed on the other. The intention was to give 

participants an opportunity to voice their thoughts and opinions comparatively. The 3-D CGI 

images in Fig.84 and Fig.85 illustrate a snapshot of Image set 1 with the vertebral arteries 

displayed alongside the MRI data (Fig.83) from which it was derived. It should be noted that 

these are both moving sequences and can be viewed in Appendix B DVD, Chapter 4. 

 

 

 
Fig.83 – Image set 1 - MRI image sequence of the vertebral arteries, John McGhee, 2006 

 
Appendix B 

DVD 
(Video Clip) 

Chapter 5 
Section  

a) Image Set 1 
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Fig.84 - Image set 1 – 3-D image sequence of the vertebral arteries, John McGhee, 2006 
 

 

     

Fig.85 - Image set 1, Static 3-D images of the vertebral arteries, John McGhee, 2006 
 

 
Appendix B 

DVD 
(Video Clip) 

Chapter 5 
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a) Image Set 1 
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The 3-D CGI artefacts selected for display in ‘Image set 1’ was derived from one particular 

MRI scan showing a healthy set of arteries feeding from the heart to the brain. The reason for 

selecting this image set was to gain insight into the nature, form and ambiguity present in 

each image.  The introduction of colour and lighting also increases in each of the images, the 

intention being to introduce feelings of fragility and awe as the viewer navigates the 

complexity of this tortuous arterial structure.  

 

Image set 2 

These images contain no animation, and were selected as a means of exploring an alternative 

aesthetic to the human kidney. This image set focuses on the visualisation of MRI data 

showing the arterial condition known as renal artery stenosis. Compared to the raw MRI data 

(Fig.86) the two 3-D reconstructions (Fig.87 & Fig.88), provided a different visual quality 

and experience for the viewer. Through the interviews, the intention was to extract this 

alternative experience. 

 

Fig.86 – MRI renal angiogram of the human kidney, John McGhee, 2006 
 

 

 
Appendix B 

DVD 
(Image) 

Chapter 5 
Section  

b) Image Set 2 
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Fig.87, ‘Medulla’ , John McGhee, 2006 
  

  

Fig.88, ‘Cortex’ , John McGhee, 2006  

 
Appendix B 

DVD 
(Image) 

Chapter 5 
Section  

b) Image Set 2 

 
Appendix B 

DVD 
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b) Image Set 2 
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Image set 3 

This image set differs from the rest of the imagery as it is reconstructed from CT data 

(Fig.89), rather than MRI. The 3-D visualisations (Fig.90) show a condition known as 

Abdominal Aorta Aneurysm (AAA) that often occurs in patients with cardio-vascular disease. 

This set of images was selected as it displayed the least amount of intervention on the part of 

the artist when visualising clinical data. There is no high quality render or augmentation by 

the author; it is ‘raw’  3-D data with basic colour differentiation.  

 

Fig.89 – CT Image sequence of the aorta and AAA, Graeme Houston, 2006 
 

  

Fig.90 – Static 3-D imagery of the aorta and AAA, John McGhee, 2006 
 

 
Appendix B 

DVD 
(Image) 
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c) Image Set 3 
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Image set 4 

This image set is based on movement and augmentation of the clinical data. The black and 

white MRI scans show a healthy heartbeat in cross-section (Fig.92). The 3-D animation 

(Fig.91) runs alongside the MRI sequence and is derived from both MRI and the artist’s own 

visual interpretation (e.g. the movement of red blood cells is purely interpretive), posing an 

interesting question to participants when comparing the merit of each image.  

 

 

Fig.91 – ‘Flow 1’  animated blood flow sequence, John McGhee, 2006     

 
Appendix B 

DVD 
(Video) 

Chapter 5 
Section  

d) Image Set 4 
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Fig.92 - MRI film sequence of a pumping heart, John McGhee, 2006 
 

 

Image Set 5 

In image set 5 the 3-D imagery (Fig.93 & Fig.94) is heavily augmented by the author, 

generating a particular aesthetic that provides an alternative vision of the inner body. The 

imagery contains very little didactic content and instead describes more of the poetic nature of 

the internal body space. 

 

 

 

 
Appendix B 

DVD 
(Video) 

Chapter 5 
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d) Image Set 4 
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Fig.93- ‘Inside flow’ , John McGhee, 2006 

 

 
 

Fig.94 - ‘Stenosis’ , John McGhee, 2006 
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Fig.95 - MRI data of the aorta, Dr Graeme Houston, 2006 
 

The image in Fig.95 also displayed at this time, was an example of a clinical MRI cross-

section of the same piece of the aorta.  

 

5.10. Trustworthiness 
 
 

When adopting ‘Naturalistic Inquiry’ there are two significant issues that must be considered 

when collecting and analysing the transcript data. The first is ‘trustworthiness’ (Lincoln and 

Guba, 1985 p.289) as “the data will only be as good as the instrument collecting and 

analysing it”. Transparency and academic honesty are critical. The second consideration is 

that of the ‘credibility and experience’ of the researcher performing the interviews. The focus 
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here is on the past, on what the researcher brings to the study through his or her own 

professional experience.  

 

Taking these two considerations into account, Lincoln and Guba identify a total of four 

criteria that a researcher must consider when addressing ‘trustworthiness’ and ‘credibility and 

experience’. These are ‘Truth Value’, ‘Applicability’, ‘Consistency’ and ‘Neutrality’. Each of 

these terms is explored, below. 

 

Truth Value 

 
‘Naturalistic Inquiry’ assumes that humans have multiple realities. However, does the 

researcher represent these realities accurately? (Lincoln and Guba, 1985). As the author is 

reconstructing participants’ views on integrity, how are the findings and interpretations 

validated? This checking of the credibility and trustworthiness of the author was implemented 

in the study by the following means: 

 
 
Lincoln & Guba suggest that the application of ‘prolonged engagement’ increases the 

likelihood of a high level of legitimacy. The duration of the author’s period of engagement 

within the subject area was three years prior to the commencement of the qualitative study119. 

The extended period of engagement involved exposure to staff at all levels within clinical 

imaging at Ninewells Hospital, Dundee (see Chapter 4.2).  

 
 
Lincoln and Guba also take the credibility of the researcher into account. The researcher has 

published work in the field of clinical data visualisation and the role of the artist both 

nationally and internationally (Flack and McGhee, 2007, McGhee and Andrews, 2005, 

McGhee et al., 2007). The author also has experience of creating and developing 3-D CGI in 

                                                 
119 The author completed an MSc in 2003 prior to commencing the PhD in 2004. Both these post-
graduate study pathways have researched the use of 3-D CGI in clinical imaging. 
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industry, providing insight into the field and a track record of producing 3-D CGI in 

biomedical animation.  

 
Applicability 

 
In ‘Naturalistic Inquiry’, the concept of ‘generalisation’ is considered incompatible with the 

qualitative study. Lincoln and Guba put forward the argument of ‘transferability’ of the 

research to other groups. Lincoln and Guba argue that direct transferability cannot be 

achieved unless the researcher has provided sufficient detail of the study. This is based on the 

principle of transparency. This doctoral thesis provides a comprehensive and transparent 

description of the data generated, the method of analysis, the context of the interview and the 

participants’ characteristics to enable the ‘transferability’ of this approach and the study’s 

findings to other groups for future research. 

 

Consistency 

 
In this study, the author and the participants are the instruments of the inquiry. As these 

instruments have multiple variables, the source of each variable is articulated to maintain 

consistency. The author’s intention is not to eliminate these variables but to recognise and 

achieve consistency in analysis. The audio data generated in the study was transcribed and 

then analysed using a consistent 5-step qualitative framework (Huberman and Miles, 2002). 

This framework was repeated across every transcript, allowing for consistency. The 

transcripts were analysed for the statements that referenced the 3-D CGI visualisations in a 

positive or negative light, and for notions of integrity.  

 
Neutrality 

 
When neutrality is referenced in the context of ‘Naturalistic Inquiry’ it relates to the absence 

of bias in the reporting of the findings. Lincoln and Guba describe transferring the importance 

from the ‘researcher’ to the neutrality of the ‘data’ generated in the study. Neutrality of data 

was achieved through the following: 
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·  Gathering of data - The style of questioning during the study was designed to gather 

data without bias. Participants were asked to comment on a wide range of imagery 

from the perspective of integrity. The data was collected on an mp3 recorder and then 

processed professionally by an independent transcription service.  

·  Interpretation of data – See data analysis Section 5.11 

 

Summary Table – Lincoln and Guba’s model 

 

The points covered in this section on the identification of trustworthiness can be summarised 

in the table below: 

 

Criteria  Strategies used in ‘Integrity’ by the author 

Truth Value Immersion - prolonged period of engagement confirming credibility of 
the author. 
 

Applicability 
(Transferability) 

A comprehensive and transparent description of the data collection and 
it’s interpretation to facilitate replication. 
 

Consistency A transparent and detailed breakdown of the variables involved in the 
data collection and interpretation. 
 

Neutrality Data gathering method focused on the views of participants, objective 
interpretation and transparency of findings. 
 
Table 5-5 – Lincoln & Guba - Trustworthiness summary table. 

 
 

5.11. Data analysis 
 

Qualitative Research 

 

In the field of qualitative research there are several ‘Strategies of Inquiry’ (Denzin and 

Lincoln, 2003) or as Tesch calls them, ‘varieties’ (Tesch, 1990). Tesch summarises 

qualitative research (in sociology) into four categories: Anthropology, Linguistics, 
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Phenomenology and Case Study. Under the branch of Phenomenology in qualitative research 

we see discourse analysis as a means of providing ‘insight into forms and mechanisms of 

human communication and verbal interaction’ (VanDijk, 1985 p.4). This offers a tool with 

which to analyse individual responses and interactions after interviews. 

 

Textual Analysis 

 
The analysis of the interview transcripts was carried out through a process of textual analysis, 

using the qualitative framework set out by Miles and Huberman (Miles and Huberman, 1994). 

Miles and Huberman articulate how the use of qualitative methods offers the researcher a 

deeper understanding of responses given. The purpose of the author’s study was to explore 

participant ‘stories’ (responses) in an open ended fashion; the challenge for the author in 

doing so was to find meaning in the text-based transcripts. Miles and Huberman provide a 

common framework (Miles and Huberman, 1994 p.9): 

 

·  Affixing codes to a set of field notes drawn from observations or interviews. 

·  Noting reflections or other remarks in the margins. 

·  Sorting and sifting through these materials to identify similar phrases, relationships 

between variables, patterns, themes, distinct differences between subgroups, and 

common sequences. 

·  Isolating these patterns and processes, commonalities and differences, and taking 

them out to the field in the next wave of data collection. 

·  Gradually elaborating a small set of generalisations that cover the consistencies 

discerned in the database. 

·  Confronting those generalisations with a formalised body of knowledge in the form 

of constructs or theories. 
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Miles and Huberman’s common features of ‘qualitative data analysis’ (above) is extrapolated 

by Pope et al.’s paper ‘Analysing qualitative data’ (Pope et al., 2000) into a five stage 

approach, providing a practical tool with which to analyse and interpret the data from the 

study, whilst preserving Lincoln and Guba’s ‘Naturalistic Inquiry’. 

 

 
Stage Description 

(1) Familiarisation ‘…immersion in the raw data (or typically a pragmatic selection from 
the data) by listening to tapes, reading transcripts, studying notes and 
so on, in order to list key ideas and recurrent themes.’ 

(2) Identifying a 

thematic framework 

‘…identifying all the key issues, concepts, and themes by which the 
data can be examined and referenced. This is carried out by drawing 
on a priori issues and questions derived from the aims and objectives 
of the study as well as issues raised by the respondents themselves 
and views or experiences that recur in the data. The end product of 
this stage is a detailed index of the data, which labels the data into 
manageable chunks for subsequent retrieval and exploration.’ 
 

(3) Indexing ‘…applying the thematic framework or index systematically to all the 
data in textual form by annotating the transcripts with numerical 
codes from the index, usually supported by short text descriptors to 
elaborate the index heading. Single passages of text can often 
encompass a large number of different themes, each of which has to 
be recorded, usually in the margin of the transcript.’ 

(4) Charting ‘…rearranging the data according to the appropriate part of the 
thematic framework to which they relate, and forming charts. For 
example, there is likely to be a chart for each key subject area or 
theme with entries for several respondents. Unlike simple cut and 
paste methods that group verbatim text, the charts contain distilled 
summaries of views and experiences. Thus the charting process 
involves a considerable amount of abstraction and synthesis.’ 

(5) Mapping and 

interpretation 

‘…using the charts to define concepts, map the range and nature of 
phenomena, create typologies and find associations between themes 
with a view to providing explanations for the findings. The process of 
mapping and interpretation is influenced by the original research 
objectives as well as by the themes that have emerged from the data 
themselves…’ 

 
Table 5-6 - Miles & Huberman - Five Stage framework approach as described in the Pope paper.(Pope et al., 

2000) 
 

The table below (Table 5-7) illustrates how the data analysis was conducted by the author, 

using this five-stage framework:  
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 Framework Point Data Analysis in ‘Integrity’ 

1. Familiarisation - Anonymise each participant transcript with an identifier code 
- Listen to the audio files as MP3s 
- Transfer of the audio files to transcripts 
- List key themes on initial inspection of transcripts 

2 Identifying a 
thematic framework 

Split the data up into a matrix of responses to each question 
posed 

3 Indexing Colour code text in the transcripts to fit with identified themes: 
 
- Yellow – Unclear, negative response 
- Green – Readable, positive response 
- Pink – References to the 3-D content 
- Orange – References to notion of Integrity 

4 Charting Sorting the themed data in reference to each question; 
building a matrix of themed responses 

5 Mapping and 
interpretation 

Interpreting themes through visual and textual mapping. 

 

Table 5-7 - Framework for data analysis, John McGhee 2007 
 

5.12. Analysis of Transcripts 
 
 
In order to expose the framework described in Table 5-7 ‘transparency’ of method has been 

selected to demonstrate how the author has analysed the data. As a result, each stage in the 

framework is reported in some detail. This fits with Lincoln and Guba’s concept of 

‘trustworthiness’ whereby data analysis is transparent and transferable. 

 

Stage 1 – Familiarisation 

 

The familiarisation process involved assigning anonymous codes to each participant to retain 

the professional’s discipline, e.g. ‘Scientist, ‘Designer’, ‘Fine Artist’. The reason for 

preserving this within the data was to allow the researcher to differentiate between artists and 

clinicians, allowing for further analysis of the differences between professional fields. (See 

CD-ROM Transcript Data). After coding (see Appendix A, 8.8.8), the next stage of 

familiarisation was the playback of the audio and the reading of the transcripts. While reading 

the transcripts, a list of ‘notes’ was generated from each individual transcript. For example, 

 
Appendix A 

Appendix 8.8.7 & 
8.8.8 
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the notes taken by the author during the familiarisation of ‘Scientist A’s’ transcript can be 

viewed in Appendix A, 8.8.7.  

 

Stage 2 - Identifying a thematic framework 

 

The data was then split into a matrix. This thematic framework was based on responses to 

specific image sets. In Table 5-8 below, we see a sample of the matrix for stage 1, Image set 

1a (vessel): 

 
Image Set 1a (vessel) MRI 1a 

SA ‘The MRI scan I think you need to be a trained radiologist to really interpret it 
because it is extremely difficult to work out the continuity between the 
structures between the individual slices and in fact the more you look at it the 
more frightening that MRI scan, especially at the beginning of it looks like 
something out of ‘Donnie Darko’ it could potentially, to an untrained eye, be 
quite worrying actually, this thing has been slicing through your body and also 
you do have reference, you do have a reference you know where the head is 
you know where the neck is, so you can sort of see that by the time the 
sequence finished’ 

SA ‘The MRI image is very complex, it is very, fairly flat, obviously there’s regions 
of high contrast but there is a lot of low contrast, grey area where you are not 
quite sure what that is or what that represents so yeah it lacks a certain, it has 
a certain fear associated with the image’ 

PA ‘I find the 3D MRI based data reasonably clear on the basis that I’ve worked 
with 3D a bit before anyway and I think the addition of the anatomy that 
surround the vasculature that assists you identify where you are, the contrast is 
pretty good but then you are only seeing small bits of vessel information per 
slice so obviously that is a disadvantage, my first thought would be the contrast 
is quite good but the anatomy that surrounds the vasculature is quite helpful 
actually from my point of view.  The 3D looks visually very impressive but I’m 
not really an anatomist and I wouldn’t, unless I was to compare it with a 
diagram or a textbook, wouldn’t obviously know where I was I don’t think but I 
think if you had an area of disease and there was an obvious kink in a vessel 
that would be quite informative relative to the MR data, probably more.’ 

PB ‘They just, that sort of greyscale light and dark and from an MR physics point 
of view you can spot the artefacts from the blood flow and things like that 
going up the neck and there is a little bit of return of Venus flow in there as 
well, never mind that, um, the 3D representations in terms of quality they are 
very good and sometimes there are bit that kind of look a bit too angular and I 
don’t know if that is due to the fact that the MR data that you have taken it 
from obviously had a finer resolution you sort of get little bits where everything 
is going to be a bit pixelated and obviously you can interpret to a certain extent 
but the colour and lighting is very good and you see different elements of it.’ 

 
 

Table 5-8 - Matrix of response sample taken from ‘Image Set 1a’ 2006 
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Stage 3 – Indexing 

 
The indexing process involved coding and annotating the transcript document. These notes 

are not ‘field notes’ but a method of recording key words and statements related to the 

questions posed.  

 

Fig.96 – A sample matrix of responses to Image set 1a, John McGhee, 2006 
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A colour coding system is applied that highlights four areas of interest: 

 

Yellow - Unclear negative response (to clinical imagery - MRI) 

Green - Readable positive response (to clinical imagery- MRI) 

Pink - Reference to the 3-D content 

Orange - Reference to image integrity. 

 

The purpose of this process was to reduce the data in order to aid the extraction of meaning. 

At the same time however, it was important for the author not to lose the wholeness of 

individual participant views. In order to fit with the philosophy of ‘Naturalistic Inquiry’ the 

multiple realities must be preserved in data reduction, meaning that individual responses 

should not be analysed in isolation from the full transcript. 

 

Stage 4 – Charting 

 

The charting process was carried out using a matrix of key themes based on each image set, 

providing the author with an opportunity to reduce the data even further. In the sample seen in 

Appendix A 8.8.10 the data has been dissected to extract, and then chart the key themes. 

Within this matrix of themes, we can also discern the author’s notes and interpretations. The 

sample in Appendix A 8.8.10 demonstrates how transcript data can be compiled to match the 

emerging themes (the author’s notes are also significant here). 

 

Stage 5 - Mapping and Interpretation 

 

The results of the mapping and interpretation stage are explored in Chapter 6, Integrity: 

Qualitative Study, Results & Findings. 

 

 
Appendix A 

Appendix 8.8.10 
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5.13. Summary 
 

The aim of the author’s qualitative study was to gain multiple perspectives from individual 

professionals on a series of MRI and 3-D CGI images. The integrity of the interpretative 

works was unclear; historically we see artists tethered to illustrating the positivist view of the 

body; however, what are the implications if the artist departs from this relationship? The work 

of the author challenges the established protocols by combining MRI data with personal 

interpretation. In doing so, and breaking with the ‘rigging’  of science, the work provides an 

alternative aesthetic. However, does the image still have integrity? 

 

Based on these questions, twenty-two participants were interviewed by the author in 

‘Centrespace’ VRC, Dundee. Interviews were based on a 4-stage process with individuals 

viewing digitally projected 3-D CGI images of vascular data. The overall study adopted the 

‘Naturalistic Inquiry’ (Lincoln and Guba, 1985) as a method of designing and analysing data 

from the interviews. The interviews were ‘participant-observer’ based, whereby the author is 

the ‘instrument of inquiry’ and undertakes the data analysis.  

 

This approach was dependant on the notion of ‘trustworthiness’. In this chapter, the author 

has articulated how ‘truth-value’, ‘applicability’, ‘consistency’ and ‘neutrality’ were met.  

The analysis of the data generated in the interviews was approached using Miles and 

Huberman’s five steps to data analysis. This involved ‘familiarisation’, ‘identifying of a 

thematic framework’, ‘indexing’, ‘charting’ and ‘mapping of the transcripts’. The reason for 

selecting this framework was to preserve each individual’s version of reality, whilst also 

extracting meaning from the transcripts through data reduction. In the following chapter the 

results and findings are fully articulated. 
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6. Integrity: Qualitative Study, Results & Findings  
 

6.1. Introduction 
 
 

Chapter 6 systematically reports on the results of the interviews held with professionals in 

‘Centrespace’ in October 2006. In this section, the author will reflect on each stage of the 

study and questioning. The study applies Miles and Huberman’s five-stage framework (Miles 

and Huberman, 1994) with the focus being on stages 4 & 5 ‘charting’, ‘mapping’ and 

‘clustering’120 of data. The objective is to extract meaning from the transcript text, 

establishing common themes among the professionals’ opinions and views in order to 

determine what effect the intervention of the author has on the integrity of the final 3-D CGI 

artefact.  

 

Based on this analysis framework, a series of discussion points and findings has been 

rationalised. This chapter will chronologically expand on these points relating them directly 

to the author’s visual practice. The goal of this section is to provide a detailed breakdown of 

all the transcript data, pinpointing the value of the author’s approach to visualising disease.  

 

The concluding part of this chapter is a series of comments and recommendations that provide 

some insight into the author’s approach to 3-D CGI visualisation of MRI data. These findings 

fall into four categories: context and purpose, clinical views on image integrity, the artist’s 

role in flux and visual storytelling. These themes represent clusters of responses from the 

professionals interviewed and suggest no clear-cut answer to the question posed in relation to 

the value of the author’s approach.  

 

                                                 
120 Miles and Huberman identify ‘tactics’ for ‘making good sense’ of qualitative data, one they term as 
‘clustering’ MILES, M. B. & HUBERMAN, A. M. (1994) Qualitative data analysis: an expanded source 
book, Sage.. 
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The transcript data suggests that all of the 3-D CGI artefacts belonging to what the author 

terms the ‘bandwidth of interpretation’ have value, but in differing contexts. They are also 

dependant on the professional’s paradigm of enquiry, whether that is the arts or the sciences. 

The implications of these outcomes are discussed in this section and the author concludes that 

further studies are required to truly validate the author’s chosen approach to 3-D computer 

visualisation.  

 

The limitations, scope and parameter of the study are also acknowledged. These parameters 

include the restricted number of interviewees, the focus on one disease area, and the limited 

experience of the author in interviewing professionals under research conditions.  

 

6.2. ‘Image Set 1’ – ‘Vertebral Arteries’  
 

Stage 1 of the study exposed the participants to image-sets to gain their views and opinions on 

image integrity. In each of these image-sets, a series of emerging themes were extracted from 

the transcript data. These themes are broken down and articulated for each individual set. 

After analysis of the transcripts based on ‘Image Set 1’, five key points emerged from the 

data. These key areas were: 

 

·  Integrity Comparison – Purpose and Context 

·  Notions of integrity in MRI imagery 

·  Visual Qualities – Analogies 

·  Visual Qualities – Ambiguity, Clarity and Fragility 

·  Context, Purpose and Drift – bandwidth of context 

 

These are systematically discussed below. 
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Integrity Comparison – Purpose and Context  

 
The first and most significant theme identified in ‘Image Set 1’ was that of ‘context’. Many 

participants found it hard to draw a comparison between the medical imagery (MRI) and the 

3-D CGI hybrid works presented. Some participants felt it was an unfair comparison, 

suggesting both sequences offered differing types of embedded authenticity and integrity. 

Some even thought it irrelevant to make a comparison at all. Listed are four similar 

comments: 

 

‘Well it is like saying…does an ordinance survey map lack integrity because it is not an 
actual piece of physical earth…’  
(Designer A) [CD-ROM Transcript Data, Section 2.8, Page 251, Line 18] 
 
‘Well it is not fair to make a comparison…’  
(Radiographer B) [CD-ROM Transcript Data, Section 2.7, Page 228, Line 39] 
 
‘I think they both contain authenticity…’  
(Fine Artist C)  [CD-ROM Transcript Data, Section 2.17, Page 406, Line 17] 
 
‘I think what is really critical is the job, what’s its fit, what is the ultimate kind of aim…’ 
(Designer A) [CD-ROM Transcript Data, Section 2.17, Page 416, Line 17] 
 
 
These responses from early on in the interviews show the feedback suggested ‘purpose and 

context’ were critical to determine the images’ authenticity or integrity. The 3-D CGI 

reconstruction of the vertebral arteries had clear advantages in the context of communication 

over the 2-D MRI scan - for communicating functional aspects of the anatomy. However, in a 

clinical context, the 3-D visual imagery (produced by the author) would have no value in 

diagnosis due to the subjective nature of the artistic interpretation presented. Similarly, the 

MRI scan has no value to the untrained eye due to the specialist nature of MRI imaging. 

 

 
 

Notions of integrity in MRI imagery 
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An issue raised by several of the clinicians was the actual level of interpretation present in 

diagnostic MRI scanning. This issue was not a point the author had considered but it has a 

bearing on the visual practice as it questioned the ‘truth’  present in clinical imaging. 

 

MRI imagery is the primary source of information for ‘reporting’ on by a radiologist and is 

seen as a raw or actual depiction. However, from the responses, it seems such images are 

quite distant from any kind of photographic reality121. MRI actually presents the viewer with a 

representation of the body that highlights the functional aspect of the anatomy based on 

proton density and can omit other relative structures present in the body such as bones and 

muscle tissue. The level of integrity present in the MRI data is highlighted in the two medical 

physicists’ responses: 

 

‘…I mean every image is an interpretation of the object you are scanning so it is a case of 
MR images just looking at the proton density in different areas of the body and that is all 
controlled by your contrast your resolution and so that is just a representation of the person’s 
body…’  
(Physicist B) [CD-ROM Transcript Data, Section 2.3, Page 150, Line 29] 
 

‘…MR data actually that is in some respects subjective because the imaging parameters that 
you use to generate that base data will influence the actual appearance of the base data quite 
significantly…’  
(Physicist A) [CD-ROM Transcript Data, Section 2.2, Page 130, Line 23] 
 

In this sense, MRI is but another ‘representation’ of the human body, as highlighted in the 

physicist’s responses, above. Two other clinical participants also made comments on the 

MRI’s lack of purity and its interpretative nature: 

 

‘…is that MRI image real, no of course it isn’t it is the edited highlights if you like of a whole 
load of information on an atomic perturbation summed up in a way to the people who 
developed the MRI software…’  
(Oncologist A) [CD-ROM Transcript Data, Section 2.21, Page 487, Line 11] 
 

                                                 
121 The MRI scanner measures proton density, which it then converts into a digital output through the 
computer’s algorithm. The parameters of the algorithm and corresponding scan protocol are adjusted by 
a radiographic operator. 
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‘…there is no such thing as a pure MR image it is a visual manifestation of the MR physics…’ 
(Radiologist B)  [CD-ROM Transcript Data, Section 2.16, Page 390, Line 28] 
 

While clinical imagery offers a reproducible model to deliver diagnostic pictures, the imagery 

is still just a representation of the human body. The MRI scans convert the MR physics data 

into a visual representation of scientific reality, not photorealistic reality. In a similar fashion, 

the 3-D CGI is not reality but a visual reading of the MRI data combined with the artist’s 

visual interpretation. 

 

Visual Qualities - Analogies  

 
Participants were asked to comment on the visual qualities of the images. It became clear that 

many interviewees used analogies to describe the visual qualities of both MRI and 3-D CGI. 

The following table provides a few examples: 

 

3-D CGI of the Vertebral Artery 2D MRI Scan imagery 

‘…very graphic quite nice actually, 
beautiful…’ ‘…could be art because of the 
level of ambiguity in the image so it’s 
definitely a nice aesthetic…’  
(Fine Artist A) [CD-ROM Transcript Data, 
Section 2.4, Page 164, Line 34] 
 

‘…look at it the more frightening that MRI 
scan, especially at the beginning of it looks 
like something out of Donnie Darko…’ 
(Scientist A) [CD-ROM Transcript Data, 
Section 2.1, Page 111, Line 9] 
 

‘…the visual qualities of what you have 
produced are actually sculptural, very 
accessible...it has a kind of beauty to it in a 
sense and it is readable’  
(Designer A) [CD-ROM Transcript Data, 
Section 2.8, Page 251, Line 10] 

‘…it almost reminds me of something from 
the 1960’s Dr Who series…’  
(Designer A) [CD-ROM Transcript Data, 
Section 2.8, Page 251, Line 27] 
 

‘…the 3-D image is more pleasing to the 
eye…it is organic it is something that you can 
relate to as being part of’  
(Scientist A) [CD-ROM Transcript Data, 
Section 2.1, Page 111, Line 30] 

‘…light shows, psychedelic light shows in the 
60’s and this reminds me very much of that 
watching liquids and light and it is just 
interesting’  
(Sculptor A) [CD-ROM Transcript Data, 
Section 2.10, Page 284, Line 33 

 
Table 6-1 – Image Set 1, Visual Qualities, John McGhee 2008 

 
Table 6-1 demonstrates a marked difference in reaction from some participants when the MRI 

and 3-D CGI were compared, with the 3-D CGI offering a more visually engaging image in 
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comparison to the MRI, which in turn generated several unusual analogies such as Dr Who122, 

Donnie Darko123 and 1960’s light shows. 

 
 
Visual Qualities – Ambiguity, Clarity and Fragility   

 

The 3-D CGI work entitled ‘Tortuosity’, offered participants a degree of ambiguity, applying 

‘depth of field’ and digital lighting techniques to highlight form. This drew the viewer’s eye 

towards the structure and increased an increased level of interpretation. This stimulated a 

variety of responses related to notions of ambiguity and clarity. 

 

 ‘…you are losing data out of the blurred stuff…’  
(Physicist B) [CD-ROM Transcript Data, Section 2.3, Page 151, Line 30]  
 
‘…in terms of what it seems to tell you about the human body I would say it is a bit of a 
dilution…’  
(Scientist B) [CD-ROM Transcript Data, Section 2.18, Page 425, Line 14] 
 
 ‘…part of it is fuzzy I find it more difficult to read than the previous one, in terms of what it 
represents, but visually it is interesting and intriguing.’  
(Designer A) [CD-ROM Transcript Data, Section 2.8, Page 253, Line 4] 
 

Even though participants found it difficult to clearly see the anatomical attributes, there were 

more aesthetic issues discussed. Individuals discussed the tortuous structures of the vessel, 

touching on concepts of beauty, fragility and structure. As the following excerpts from the 

transcripts show, many of the arts-based participants picked up on these attributes: 

 

‘…I find really intriguing a jewel like quality about them which is very very interesting as it 
takes away the blood and guts and gore…’  
(Fine Artist B) [CD-ROM Transcript Data, Section 2.17, Page 354, Line 8] 
 
‘…moistness it doesn’t look as if it is a dead piece, it has a sense of being alive…’  
(Designer C) [CD-ROM Transcript Data, Section 2.19, Page 440, Line 24] 
 

                                                 
122 Dr Who – A long running Sci-Fi BBC Television series telling the story of a time travelling fictional 
character.  
 
123 Donnie Darko (2001)- A US made science fiction feature film which tells the story of a teenage boy 
who experiences a variety of future premonitions.   
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‘…because of the curves and because of the lack of symmetry it conveys a much more 
biological impression…’  
(Oncologist A) [CD-ROM Transcript Data, Section 2.21, Page 488, Line 4] 
 
‘…I’m thinking D’Arcy Thompson and growth and form, you know, the same forms keep 
cropping up and the curves have similar radius’ and there are mathematical explanations…’ 
(Oncologist A) [CD-ROM Transcript Data, Section 2.21, Page 488, Line 7] 
 
 

Oncologist A, who has direct experience of holding an artery, argues that this visual style is 

not a real representation of the reality of arteries: 

‘(It is)…rubbery and grisly and not particularly fragile at all if you had showed me the same 
using veins then I probably would have claimed a sense of fragility…’  
(Oncologist A) [CD-ROM Transcript Data, Section 2.21, Page 488, Line 33] 
 

 
 

Context, Purpose and Drift – bandwidth of context 

 

The notion of context and purpose was raised in several of the responses to this imagery: 

‘I still think context or spectra of context are important…ultimate goal is to get people to look 
after their kind of cardiovascular system and to have an understanding of what is inside …’ 
(Designer C) [CD-ROM Transcript data, Section 2.19, Page 440, Line 40] 
 
 
‘I mean human psychology needs to have some metaphors or mechanism to get a hold of, that 
is quite a large complex and technical scenario so again I think with the level of 
interpretation if you get that right then the integrity is still there if the goal is kind of quite 
explicit and it is about helping people understand what is happening’  
(Designer C) [CD-ROM Transcript data, Section 2.19, Page 440, Line 39] 
 

Sculptor A made an important point in relation to the drift and movement of imagery from 

one domain of practice to another: 

‘…a kind of close up segmental quality in difference of focus does start to drift to artistic 
aesthetic kind of resonance as opposed to what you might call a more graphic illustrative 
medical reference…’  
(Sculptor A) [CD-ROM Transcript Data, Section 2.10, Page 286, Line 4] 
 
 
It appears from the comments made by Designer C and Sculptor A that there is a ‘spectra’ in 

which to place the 3-D CGI artefact. The increased level of interpretation by the author causes 

the artefact to ‘drift’ within these spectra, towards an alternative aesthetic. 
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This notion of the ‘spectra’ is of particular significance to the author’s visual approach. The 

images in set 1 have different types of integrity, for alternative contexts, whether that is 

diagnostic or communicating to a lay viewer. What is pivotal is where those 3-D CGI 

artefacts are placed, and for what purpose they are intended - which will ultimately dictate 

their integrity. This rationale implies that for the author to gauge the value of his practice he 

must define his intended purpose and in what context he will place the 3-D CGI artefact.   

 

Summary – ‘Image set 1’ 

 
The responses to the first set of images focused attention on the theme of ‘context and 

purpose’, an issue that cascaded its way through discussions throughout the entire study. 

Participants both from the medical and arts disciplines found it difficult to compare the 

integrity of MRI verses 3-D CGI interpretative imagery. Although the 3-D CGI enhances the 

2-D MRI data, it does not have an increased or decreased level of integrity, as Designer A 

explains:  

 
‘Well it is like saying you know does an ordinance survey map lack integrity because it is not 
an actual piece of physical earth’  
(Designer A) [CD-ROM Transcript Data, Section 2.8, Page 251, Line 18] 
 

As suggested above, it became clear the comparison was unfair and that both the MRI as the 

3-D CGI images were created for different purposes and contexts.  

 

The issue of the ‘spectra’ of contexts, raised by Designer C, provides some insight into how 

to judge the author’s approach to visualising disease data. The 3-D CGI artefact’s integrity 

can be defined by where you disseminate it, i.e. whether within a gallery setting or during 

clinical communication. The 3-D CGI artefacts presented in ‘Image Set 1’ ‘drift’ within this 

‘spectra’ of context; the ‘Vertebral Artery’ (Fig.97) work provides imagery that offers 

didactic insight and anatomical explanation whereas in contrast, ‘Tortuosity’ (Fig.98) 

possesses a more ambiguous aesthetic, distancing the viewer from the functional aspects of 
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the arteries. This aesthetic stimulated a mixed response, with some participants questioning its 

clarity, while others appreciated its ‘jewel’ like quality.  

 

 

  
 

Fig.97 - ‘Vertebral Arteries’, John McGhee 2006 
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Fig.98 - ‘Tortuosity’ vertebral arteries, John McGhee 2006 
 

Another key observation during the viewing of ‘Image Set 1’ was highlighted by the physics 

professionals. This referred to the interpretative nature of MRI image data. The MRI scanning 

equipment itself generates a visualisation of the physical properties of human tissue. It is ‘…a 

visual manifestation of the MR physics…’ (Radiologist B) [CD-ROM Transcript Data, 

Section 2.16, Page 390, Line 29] which is not the same as the actual tissue. This point is 

significant as it highlights that MRI represents a medical-scientific representation of the body, 

not the actual body. The MRI data is not real and only represents the scientific instrument’s 

version of anatomy.  

 

Based on these comments, it would be fair to argue that if the MR imagery is not real, then 

the author’s interpretative visualisations could also be valid in the communication of disease, 

outside of diagnosis. The author’s approach provides an alternative pathway to communicate 

disease, based on alternative descriptions of reality, and is opposed to any positivist precepts. 
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6.3. ‘Image Set 2’ – Kidney Transparent 
 

‘Image Set 2’ consisted of 3-D CGI visualisations of kidney data derived from an MRI scan 

file. The emerging themes in the ‘kidney’ image set are categorised into four significant areas. 

These themes were as follows: 

 

·  Beauty and Separation 

·  Visual Qualities - Porcelain to the Pepper 

·  Tension and Separation 

·  Dialogues and Conversation - Integrity 

 
These kidney images divided the professionals, providing the opportunity for detailed 

discussion on the merit of beauty and function.  

 

Beauty and Separation 

 
The first 3-D CGI image discussed was ‘Medulla’. The word ‘beautiful’ was used several 

times in reference to this kidney image. The participants referred to the colour, lighting and 

transparency of the image when referring to the beauty of the image. For example: 

 
‘…but your interpretation on the left is much more awe inspiring if you like.’  
(Scientist A) [CD-ROM Transcript Data, Section 2.10, Page 115, Line 36] 
 
‘…I mean what you have got on the left again is quite a beautiful thing actually…’  
(Sculptor A) [CD-ROM Transcript Data, Section 2.10, Page 287, Line 11] 
 
‘…because it is an incredibly beautiful thing isn’t it… it has a gem feel…’  
(Fine Artist B) [CD-ROM Transcript Data, Section 2.14, Page 358, Line 22] 
 
 
The use of analogies reoccurred across many of the transcripts, particularly in reference to 

natural organic forms such as a ‘jellyfish’. These analogies provided the participants with a 

vocabulary to communicate the visual attributes of the imagery, in an efficient way. In the 

case of the ‘jellyfish’  remark, participants used this metaphor to encapsulate multiple 
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attributes at once, such as shape, colour, consistency and form. A jellyfish is an organism 

made mostly from fluid and is a transparent body suspended in water. The following extracts 

expand on these references: 

 
 ‘Oh aesthetically yes, instantly that is a beautiful image, I mean you can compare it to a jelly 
fish…’  
(Radiographer B) [CD-ROM Transcript Data, Section 2.7, Page 231, Line 45] 
 
‘…a kind of beauty that you could relate to the other things like in some ways l kind of saw a 
foetus in there and I saw a kind of brain structure…’  
(Fine Artist D) [CD-ROM Transcript Data, Section 2.17, Page 468, Line 5] 
 
 
The clinical participants tended to acknowledge the aesthetic qualities of the imagery whilst 

also pointing out its lack of clinical value; they were keen to separate beauty from any 

functional value. As Radiologist B explains:  

 

‘…I think it shows the beauty of the human answer to a body organ but as I said it appeals to 
my aesthetic side rather than my diagnostic.’  
(Radiologist B) [CD-ROM Transcript Data, Section 2.7, Page 392, Line 41] 
 

Another example of this is found in the following quote from Anatomist A, who disliked the 

image, feeling it did not match the individual’s experience of what a kidney should look like. 

Anatomist A explains: 

  
‘As an anatomist I really don’t like that image and I don’t like it because it doesn’t look, I 
think artistically it is very pretty, it reminds me of a jelly fish instantly looking at it doesn’t 
make me think of a kidney because when I think of kidney I don’t expect to be able to see 
inside it.’  
(Anatomist A) [CD-ROM Transcript Data, Section 2.6, Page 208, Line 23] 
 

In this quote we find a clear distinction between an image being ‘pretty’, and its ability to 

communicate the actual structure of the kidney. Some of the clinical professionals suggested 

that this layer of detail could be too much; implying that its only value would be within the 

field of computer arts: 

 
‘…you have gone to town on that image, it is very very good but a work of art from a 
computer graphics is a tremendous piece of work and I think probably you wouldn’t need to 
go to such lengths if you wanted to depict, there is much more simple software available often 
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on the workstations now that will give you a volume rendering of that sort of thing with much 
less, it wouldn’t be so pretty to look at but in terms of showing the patient what his blood 
vessels…’  
(Radiologist B) [CD-ROM Transcript Data, Section 2.16, Page 393, Line 13] 
 

This separation between function and form as expressed by Radiologist B and Anatomist A 

reinforces the reductive view, excluding an arts-based interpretation of the inner body. 

 
Image 2b – Kidney ‘Cortex’  - Visual Qualities - Porcelain to the Pepper 

  
In a similar way to the first kidney image, ‘Cortex’ was described as being similar to stone 

and brittle materials such as porcelain or dried bone.  Sculptor A made reference to 

‘Auchmithie beach124’  and a type of stone he had encountered locally. As Sculptor A explains:  

 

‘…the surface, it does look like bone or it could be stone, I mean if you go to Auchmithie you 
will see rock structures almost identical…’  
(Sculptor A) [CD-ROM Transcript Data, Section 2.10, Page 288, Line 45] 
 

The reference to fragility, bone and porcelain was another theme seen in the transcripts. These 

examples show the types of comments heard: 

 

 ‘…with a jagged edge of the hole just reminds you of a skull a sheep’s skull for instance…’ 
(Scientist A) [CD-ROM Transcript Data, Section 2.1, Page 116, Line 7] 
 
 
‘…I would be probably thinking it that a bit of tree or a bit of bone or something like…’  
(Physicist A) [CD-ROM Transcript Data, Section 2.2, Page 154, Line 29] 
 
‘…it could almost firmly be a piece of kind of art work that you would expect to see either 
kind of modelled on a plinth or kind of an interpretation of skeletal remains of the Nevada 
Dessert…’  
(Designer C) [CD-ROM Transcript Data, Section 2.19, Page 442, Line 34] 
 
‘…objects for real that people can touch them and hold them you could deconstruct the 
human body in sculptural form…is quite interesting and beautiful, can you imagine 
deconstructed human body and in white porcelain…’  
(Fine Artist A) [CD-ROM Transcript Data, Section 2.4, Page 171, Line 22] 
 
 

 
 
                                                 

124 Auchmithie – A small fishing village in Angus, Scotland with a distinctive harbour and beach. 








































































































































































































































































































